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Abstract	  
Translocation	  of	  rare	  and	  threatened	  species	  is	  one	  of	  the	  tools	  utilized	  by	  wildlife	  managers	  in	  New	  
Zealand	  for	  conservation	  purposes.	  There	  is	  a	  general	  trend	  towards	  increased	  use	  of	  translocations	  
onto	   managed	   mainland	   islands,	   with	   kiwi	   one	   of	   the	   more	   common	   species	   to	   be	   translocated	  
(Cromarty	  &	  Alderson,	  2013).	  	  
Great	   spotted	   kiwi	   (GSK)	   or	   roroa/roa	   are	   highly	   cryptic	   with	   isolated	   habitat	   and	   low	   numbers	  
making	  them	  difficult	  to	  study	  and	  therefore	  less	  studied	  than	  more	  accessible	  species	  (Castro,	  2011;	  
Herbert	  &	  Daugherty,	  2002).	  GSK	  are	  listed	  by	  the	  National	  Threat	  Classification	  Series	  as	  ‘nationally	  
vulnerable’	   with	   the	   5,000	   to	   20,000	   mature	   individuals	   facing	   ongoing	   or	   predicted	   decline	  
(Robertson	  et	  al.,	  2013).	  The	  parameters	  of	  this	  threat	  classification	  ranking	  include	  assumptions	  of	  
total	   population	   size,	   population	   trends,	   geographical	   range	   and	  whether	   the	   birds	   are	   directly	   or	  
indirectly	   affected	   by	   humans	   (Miskelly	   et	   al.,	   2008).	   The	   Captive	  Management	   Plan	   for	   the	   Kiwi	  
Recovery	   Group	   identifies	   that	   the	   gradual	   decline	   in	   GSK	   populations	   is	   related	   to	   recruitment	  
failure	  (Barlow,	  2011).	  
There	   is	   currently	  a	  material	  decline	   in	  kiwi	  numbers	  due	   to	  predation	  pressure.	  Unless	  a	  practical	  
solution	  to	  this	  problem	  can	  be	  found	  in	  the	  near	  term,	  GSK	  populations	  will	  be	  in	  crisis.	  On	  mainland	  
islands	  it	  is	  not	  feasible	  to	  fully	  eradicate	  predators	  or	  cost	  effective	  to	  erect	  a	  predator	  proof	  fence.	  
GSK	   must	   therefore	   co-­‐exist	   with	   mammalian	   predators	   (McLennan,	   2006).	   Translocations	   have	  
become	  an	  increasingly	  attractive	  tool	  to	  help	  manage	  and	  maintain	  individual	  populations.	  
	   iii	  
The	  Arthurs	  Pass-­‐Hurunui	  GSK,	  as	   the	   smallest	  and	  most	   isolated	  population,	  are	  at	  greater	   risk	  of	  
local	  extinction	  than	  most	  populations	  (Keye,	  Roschak,	  &	  Ross,	  2011).	  In	  a	  joint	  venture	  between	  the	  
Department	  of	  Conservation	  (DoC)	  and	  the	  community-­‐run	  Nina	  Valley	  Recovery	  Group	  (NVRG),	  the	  
Nina	   Valley	   GSK	   sub-­‐adult	   population	   was	   supplemented	   with	   genetically	   diverse	   birds	   from	   the	  
Hawdon	  Valley	  in	  April	  2015.	  
Social	  behaviour	  of	  kiwi	   is	  complex	  and	  many	  of	  their	  behaviours	  are	  not	  well	  explained	  or	  studied	  
(Ramstad,	  Colbourne,	  Robertson,	  Allendorf,	  &	  Daugherty,	  2013).	  There	  is	  a	  risk	  that	  unless	  the	  exact	  
mechanism	   for	   social	   behaviours	   and	   interactions	   is	   understood,	   the	   translocation	   process	   may	  
unintentionally	  disturb	  bonded	  pairs	  causing	  divorce.	   It	  has	  been	  postulated	  that	  pair	   stability	  may	  
be	   correlated	   to	   territoriality	   in	   kiwi	   (Taborsky	   &	   Taborsky,	   1999).	   Although	   there	   is	   partially	  
applicable	   literature	   pertaining	   to	   dispersal	   from	   a	   translocation	   release	   site	   (Jahn,	   Harper,	   &	  
Gilchrist,	   2013),	   it	   has	   circumstances	   that	   differ	   from	   the	   composition	   of	   this	   translocation.	   The	  
literature	   is	  also	  deficient	  on	   the	  effects	  of	   translocation	  on	   those	  birds	   in	   residence	  and	  on	  home	  
range	   creation	   for	  newly	   transferred	  birds.	  Home	   ranges	  of	  unrelated	  birds	  do	  not	  usually	   share	  a	  
common	  boundary	   (Jahn	  et	  al.,	  2013).	  Therefore	   impacts	  on	   the	  existing	  birds	  at	   the	   recipient	   site	  
might	  be	  expected.	  	  
In	   this	   study,	   eight	   individual	   paired	   adult	   GSK	  were	   translocated	   (wild	   to	  wild)	   from	   the	  Hawdon	  
Valley	  (Arthurs	  Pass	  National	  Park)	  to	  the	  Nina	  Valley	  (Lake	  Sumner	  Forest	  Park)	  in	  the	  northwest	  of	  
the	   South	   Island	   of	   New	   Zealand.	   The	   GSK	   were	   released	   near	   areas	   of	   five	   known	   resident,	  
previously	   translocated	   captive	   reared	   sub-­‐adults.	   Using	   radio	   telemetry,	   all	   subject	   birds	   were	  
tracked	   for	   four	   months	   pre	   translocation	   and	   six	   months	   post	   translocation	   with	   activity	   data	  
collected.	   It	   was	   found	   that	   three	   of	   the	   four	   pairs	   were	   likely	   still	   pair	   bonded	   six	   months	   post	  
translocation,	  along	  with	  the	  one	  captive	  reared	  pair.	  The	  activity	  of	  the	  wild	  birds	  increased	  overall	  
from	  pre	  to	  post	  translocation	  with	  no	  change	  from	  the	  captive	  reared	  birds.	  All	  captive	  reared	  birds	  
retained	  their	  previously	  held	  territories	  while	  only	  one	  pair	  of	  the	  released	  wild	  birds	  remained	  near	  
their	  release	  site.	  
This	   research	   has	   a	   high	   level	   of	   importance,	   as	   New	   Zealand	   is	   a	   significant	   leader	   in	   the	  
international	   community	   in	   translocations.	   The	   research	   can	   help	   ascertain	   potential	   negative	  
outcomes	  and	  assist	  in	  developing	  management	  processes	  that	  can	  be	  put	  in	  place	  to	  mitigate	  such	  
negative	   outcomes.	   It	   is	   unlikely	   that	   New	   Zealand	   will	   be	   able	   to	   rid	   the	   environment	   of	   all	  
mammalian	   predators	   in	   the	   wild	   in	   the	   near	   term	   due	   to	   limitations	   in	   technology	   and	   public	  
consent;	   therefore	   translocations	   will	   likely	   continue	   to	   be	   a	   significant	   contributor	   to	   saving	   and	  
preserving	  local	  biodiversity.	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Chapter	  1	  
Introduction	  
1.1 Kiwi	  biology	  
New	  Zealand	  has	  been	  in	  geographical	  isolation	  for	  approximately	  60	  -­‐	  80	  million	  years	  allowing	  for	  a	  
significant	   amount	   of	   endemism	   to	   occur	   through	   speciation	   (Bunce	   et	   al.,	   2009).	   Of	   the	   many	  
endemic	  species	  that	  exist	  in	  New	  Zealand,	  one	  of	  the	  most	  recognised	  is	  the	  kiwi.	  	  
Kiwi	   are	   flightless,	   nocturnal	   ratites	   belonging	   to	   the	   order	   Struthioniformes	   and	   the	   family	  
Apterygidae	   (Herbert	  &	  Daugherty,	  2002;	  Robertson	  &	  de	  Monchy,	  2012;	  Sales,	  2005;	  Shepherd	  et	  
al.,	  2012)	  and	   to	   the	  genus	  Apteryx	   (from	  the	  Greek:	  without	  wings)	   (Castro,	  2011).	  More	  detailed	  
study	   into	   the	   phylogeny	   of	   ratites	   shows	   the	   kiwi	   are	   more	   closely	   related	   to	   the	   extinct	  
Madagascan	   elephant	   bird	   (Family:	   Aepyornithidae)	   rather	   than	   the	   previously	   hypothesized	  
relationship	  to	  the	  moa	  (Order:	  Dinornithiformes)	  (K.	  J.	  Mitchell	  et	  al.,	  2014)	  as	  seen	  in	  Figure	  1.	  The	  
ancestors	  of	  Apteryx	  likely	  island	  hopped	  to	  New	  Zealand	  and	  then	  developed	  flightlessness	  at	  a	  later	  
stage	  (Castro,	  2011;	  Michell	  et	  al.,	  2014).	  
	  
Figure	  1:	  Phylogenetic	  tree	  of	  ratites	  from	  K.	  J.	  Mitchell	  et	  al.	  (2014)	  
Within	  Apteryx,	   there	   are	   two	  distinct	  morphological	   groups	   consisting	   of	   spotted	   and	  brown	   kiwi	  
(Shepherd	  et	  al.,	  2012).	  There	  are	  five	  species	  recognised	  by	  the	  Department	  of	  Conservation	  (DoC),	  
which	  are	  distinct	   in	   their	  genetic	  and	  biological	  differences	   (Sales,	  2005)	  as	   listed	   in	  Table	  1,	  with	  
three	  variants	  of	  	  tokoeka	  (Miskelly	  et	  al.,	  2008).	  Historically,	  there	  have	  been	  many	  versions	  of	  kiwi	  
classification	  based	  mostly	  on	  morphological	  and	  geographical	  differences	  in	  populations	  leading	  to	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taxonomists	  in	  the	  19th	  century	  recognising	  up	  to	  ten	  species	  (Sales,	  2005).	  The	  New	  Zealand	  Wildlife	  
Service	  commissioned	  a	  genetic	  analysis	  of	  blood	  samples	  in	  1984	  to	  help	  determine	  the	  geographic	  
variation	  between	  populations,	  assess	  current	  taxonomy	  of	  kiwi	  species	  and	   identify	  populations	   in	  
dire	  need	  of	  conservation	  management	  (Herbert	  &	  Daugherty,	  2002).	  
Table	  1:	  The	  five	  species	  of	  kiwi	  recognised	  by	  the	  DoC	  from	  Sales	  (2005)	  
Taxa	   Scientific	  name	  
North	  Island	  brown	   Apteryx	  mantelli	  
Okarito	  brown/Rowi	   A.	  rowi	  
Great	  spotted	   A.	  haastii	  
Little	  spotted	   A.	  owenii	  
Tokoeka	   A.	  australis	  
	  
Although	   there	   are	   enough	   accumulated	   biological	   differences	   between	   each	   of	   these	   species	   to	  
make	  most	  of	  them	  incompatible	  reproductively	  (Sales,	  2005)	  there	  have	  been	  instances	  of	  hybrids,	  
for	  example,	  A.	  owenii	  x	  A.	  rowi	  on	  Mana	  Island	  (Miskelly	  &	  Powlesland,	  2013).	  Molecular	  techniques	  
can	  now	  more	   readily	   identify	   differences	   between	  populations	   and	   species	   (Burbidge,	   Colbourne,	  
Robertson,	  &	  Baker,	  2003)	  which	  flows	  on	  to	  more	  tailored	  conservation	  management	  strategies.	  
Kiwi	  are	  unique	  in	  avian	  terms	  as	  they	  have	  several	  biological	  characteristics	  that	  are	  more	  typical	  of	  
mammals	  than	  of	  birds	  (Sales,	  2005).	  These	  include	  having	  a	  relatively	   low	  body	  temperature	  (37	  –	  
38	  oC),	  highly	  developed	  sense	  of	  smell	  and	  a	   low	  growth	  rate	  (Holzapfel	  et	  al.,	  2008;	  Sales,	  2005).	  
Additionally,	  they	  are	  known	  to	  have	  a	  lower	  basal	  metabolism	  rate	  than	  most	  avian	  species	  (Sales,	  
2005).	  
Kiwi	  sexually	  dimorphic	  characteristics	   include	  bill	   length,	  body	   length	  and	  weight	  with	  the	  females	  
usually	  displaying	   the	   larger	   features	   in	   these	  categories	   (McLennan	  &	  McCann,	  1991,	  2002;	  Sales,	  
2005),	  providing	  a	  good	  predictor	  of	  gender.	  They	  have	  poorly	  developed	  eyes	  and	  optic	  nerves	  yet	  
very	   high	   functioning	   olfactory	   structures	   to	   compensate	   (Castro,	   2011;	   Sales,	   2005).	   They	   have	  
external	  nares	  at	  the	  tip	  of	  their	  bill	  used	  to	  detect	  soil	   invertebrates	  such	  as	  earthworms	   (Annelid	  
spp.),	  which	  are	  their	  targeted	  prey	  (Castro,	  2011;	  Sales,	  2005)	  but	  they	  will	  also	  eat	  plant	  material	  
and	   fruits	   (Castro,	   2011).	   Kiwi	   also	   produce	   the	   largest	   eggs	   on	   a	   body	   weight	   to	   egg	   size	   ratio	  
(Colbourne,	  2002).	  
Their	  flightlessness	  is	  a	  function	  of	  having	  wing	  vestiges	  (Herbert	  &	  Daugherty,	  2002;	  K.	  J.	  Mitchell	  et	  
al.,	   2014),	   possibly	   an	   evolutionary	   characteristic	   of	   having	   lived	   free	   of	   mammalian	   predators	  
(McLennan	  et	  al.,	  1996;	  Sales,	  2005)	  and	  filling	  an	  ecological	  niche	  that	  did	  not	  require	  traveling	  great	  
distances	   to	   search	   for	   resources.	   Although	   they	   cannot	   fly,	   they	   are	   strong	   runners	   and	   capable	  
swimmers	   if	   required	   (Holzapfel	  et	   al.,	   2008).	  Regrettably,	   this	   ground-­‐dwelling,	  predatory	   vacuum	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during	  evolution	  made	  them	  ill	  equipped	  to	  deal	  with	  the	  predatory	  onslaught	  posed	  by	  introduced	  
mammalian	   species.	   Young	   chicks	   and	   juveniles	   are	   particularly	   vulnerable	   to	   these	   predators,	   as	  
they	  have	  no	  natural	  behaviours	  to	  evade	  or	  protect	  themselves	  (McLennan	  et	  al.,	  1996;	  Sales,	  2005).	  	  
Kiwi	  are	  highly	  territorial,	  monogamous	  (Shepherd	  et	  al.,	  2012)	  and	  form	  strong	  pair	  bonds	  with	  long-­‐
term	  partnerships	  and	  high	  partner	  fidelity	  (Sales,	  2005;	  Taborsky	  &	  Taborsky,	  1999).	  Daytime	  dens	  
are	   often	   hollow	   trees,	   burrows	   or	   under	   dense	   vegetation	   (Holzapfel	   et	   al.,	   2008).	   Female	  
monogamy	   is	   possibly	   due	   to	   the	   high	   cost	   of	   single	   egg	   production,	  while	  males	   are	   expected	   to	  
benefit	  from	  certainty	  over	  the	  genetic	  lineage	  of	  the	  offspring	  they	  care	  for,	  and	  may	  achieve	  this	  by	  
mate	  guarding	  (Taborsky	  &	  Taborsky,	  1999).	  Kiwi	  will	  generally	  remain	  in	  a	  territory	  year	  round,	  with	  
juveniles	  dispersing	  to	  set	  up	  their	  own	  territories	  and	  find	  a	  mate	  (Shepherd	  et	  al.,	  2012).	  
Kiwi	   (Apteryx	   spp.)	   are	   distinctive	   and	   iconic	   species	   with	   a	   high	   profile	   domestically	   and	  
internationally.	   	   The	   kiwi	   is	   featured	   on	  many	   emblems	   and	  many	   New	   Zealanders	   often	   refer	   to	  
themselves	   as	   ‘kiwi’	   in	   the	   national	   and	   broader	   global	   context.	   Kiwi	   share	   a	   special	   place	   in	   the	  
hearts	  of	  all	  New	  Zealanders	  and	  none	  more	  so	  than	  in	  Maori	  culture	  where	  they	  have	  special	  status	  
as	  taonga	  or	  ‘national	  treasure’	  (Herbert	  &	  Daugherty,	  2002;	  Sales,	  2005).	  Kiwi	  feathers	  are	  used	  in	  
weaving	   ‘kahu	   kiwi’	   or	   kiwi	   feather	   cloaks	   for	   high	   ranking	   individuals	   (Holzapfel	   et	   al.,	   2008).	   In	  
recognition	  of	  this	  special	  status,	  a	  permit	  is	  required	  for	  the	  movement	  of	  kiwi	  and	  other	  indigenous	  
protected	  wildlife	  (Cromarty	  &	  Alderson,	  2013).	  Despite	  this	  iconic	  status,	  knowledge	  of	  their	  life	  in	  
the	  wild	  is	  incomplete	  (Holzapfel	  et	  al.,	  2008)	  and	  their	  numbers	  have	  long	  been	  in	  decline.	  In	  1896,	  
all	  kiwi	  were	  declared	  ‘protected’,	  as	  even	  at	  this	  early	  stage,	  it	  was	  evident	  that	  they	  were	  becoming	  
harder	   to	   find	   due	   to	   declining	   populations	   (Shepherd	   &	   Lambert,	   2008).	   As	   kiwi	   populations	  
decrease	   in	   numbers,	   the	   rate	   of	   decline	   accelerates	   (Robertson,	   Colbourne,	   Castro,	   Miller,	   &	  
Cresswell,	  2003)	  and	  immediate,	  active	  management	  is	  needed	  to	  slow	  or	  reverse	  these	  declines.	  	  
	  
1.2 Great	  spotted	  kiwi	  (GSK)	  
GSK	   are	   of	   the	  morphological	   group	   ‘spotted	   kiwi’	   and	   diverged	   from	   little	   spotted	   kiwi	   (LSK)	   (A.	  
owenii)	  around	  5.8	  Mya	  (Burbidge	  et	  al.,	  2003).	  They	  are	  the	  largest	  of	  the	  kiwi	  species	  and	  reside	  in	  
the	  northwest	  of	  the	  South	  Island	  (Shepherd	  et	  al.,	  2012).	  Much	  of	  the	  habitat	  of	  the	  GSK	  consists	  of	  
beech	  (Nothofagus	  spp.),	  broadleaf	  forests	  and	  sub-­‐alpine	  scrub	  (McLennan	  &	  McCann,	  1991,	  2002)	  
with	  some	  extension	  of	  territories	  to	  the	  valley	  floor	  where	  tussock	  and	  grasslands	  dominate	  (Fitter	  
&	  Merton,	  2011;	  Jahn	  et	  al.,	  2013).	  GSK	  are	  found	  mostly	  at	  high	  altitudes	  between	  700	  –	  1000	  m	  in	  
sub	  alpine	  zones	  (Castro,	  2011)	  and	  most	  live	  in	  mountainous	  regions	  with	  high	  rainfall	  (McLennan	  &	  
McCann,	  2002).	  There	  are	  three	  main	  natural	  populations,	  which	  are	   located	   in	  north-­‐west	  Nelson,	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Paparoa	  Range,	   the	  Arthurs	   Pass	   /	  Hurunui	   region	   (McLennan	  &	  McCann,	   2002)	   and	   an	   additional	  
translocated	  population	  residing	  in	  the	  Nelson	  Lakes	  area	  (Jahn	  et	  al.,	  2013).	  Although	  the	  full	  extent	  
of	   the	   GSK	   historical	   range	   is	   not	   fully	   known,	   it	   is	   believed	   that	   there	   has	   been	   a	   contraction	   of	  
approximately	   30%	   since	   human	   colonisation	   (McLennan	   &	   McCann,	   2002)	   and	   historically	   GSK	  
would	  have	  been	  more	  widespread	  in	  lowland	  valleys	  than	  is	  seen	  today	  (Holzapfel	  et	  al.,	  2008).	  The	  
estimated	  range	  of	  GSK	  can	  been	  seen	  in	  Figure	  2.	  	  
	  
Figure	  2:	  Map	  of	  current	  estimated	  GSK	  distribution	  from	  Kiwis	  for	  Kiwi	  (2015)	  
GSK	   remnant	   populations	   have	   been	   retreating	   to	   areas	   of	   higher	   rainfall	   (McLennan	   &	  McCann,	  
2002),	  which	  may	   afford	   them	   some	  minimal	   protection	  when	   compared	  with	   populations	   on	   the	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lowland,	  although	  this	  idea	  is	  not	  tested.	  It	  is	  assumed	  that	  the	  populations	  of	  GSK	  in	  the	  wetter	  sub-­‐
alpine	   areas	   are	   relatively	   stable	   but	   populations	   located	   in	   the	   lowland	   areas	   are	   in	   decline	  
(Holzapfel	  et	  al.,	  2008),	  	  possibly	  as	  a	  consequence	  of	  increased	  predator	  load	  and	  incursions	  in	  these	  
lowland	   areas	   (McLennan	   &	   McCann,	   2002).	   According	   to	   a	   study	   conducted	   by	   Robertson,	  
McLennan,	   Colbourne,	   and	  McCann	   (2005),	   the	   population	   of	   adult	   GSK	   at	   the	   Saxon	   Hut	   on	   the	  
Heaphy	   Track	   had	   a	   stable	   population	   from	   1987-­‐2004,	  which	  was	   determined	   by	   call	   counts	   and	  
recapture	   of	   banded	   birds.	   There	   was	   little	   change	   with	   regards	   to	   the	   number	   and	   location	   of	  
territories	  and	  therefore	  it	  was	  concluded	  that	  recruitment	  had	  kept	  pace	  with	  adult	  mortality	  for	  the	  
area.	   In	   this	  particular	   instance,	   it	  was	  believed	  that	   there	  was	  a	   lower	  predator	   load	  owing	  to	   the	  
high	   rainfall	   in	   the	  area	   (>5500	  mm/year).	  Rats	  achieve	   lower	  densities	   in	  wet	  areas	  and	   therefore	  
stoats	   are	   also	   in	   lower	   abundance	   (Robertson	   et	   al.,	   2005).	   The	  only	  management	   in	   this	   area	   at	  
present	  is	  the	  seven	  yearly	  1080	  drops	  to	  control	  common	  brushtail	  possums	  (Trichosurus	  vulpecula).	  
Male	  and	  female	  GSK	  show	  dimorphic	  characteristics	  as	  seen	  in	  Table	  2,	  and	  are	  a	  reliable	  indicator	  
for	  sexing	  birds	  in	  the	  field.	  
Table	  2:	  Dimorphic	  characteristics	  of	  GSK	  (Castro,	  2011)	  
	   Female	   Male	  
Body	  length	  (cm)	   50	   45	  
Weight	  (kg)	   1.5	  -­‐	  3.3	   1.2	  –	  2.6	  
Bill	  length	  (mm)	   125	  -­‐	  135	   90	  -­‐	  100	  
	  
Both	  males	  and	  females	  incubate	  (Colbourne,	  2002;	  Sales,	  2005),	  however	  males	  do	  the	  majority	  of	  
the	   incubation	   as	   they	   develop	   brood	   patches	   to	   facilitate	   heat	   transfer,	   which	   are	   not	   seen	   on	  
females	  (McLennan	  &	  McCann,	  1991).	  Males	  are	  able	  to	  maintain	  egg	  temperatures	  of	  28	  -­‐	  31.8	  oC	  
according	  to	  a	  study	  by	  McLennan	  and	  McCann	  (1991),	  and	  females	  manage	  28	  -­‐	  28.5	  oC	  without	  the	  
brood	   patch.	   Females	   will	   relieve	   males	   from	   incubation	   to	   allow	   them	   to	   forage	   (McLennan	   &	  
McCann,	   1989).	   This	   may	   be	   due	   to	   the	   low	   temperature	   ranges	   seen	   in	   the	   majority	   of	   GSK	  
territories,	  which	  can	  dip	  to	  an	  average	  of	  5	  oC.	  It	  is	  thought	  that	  the	  cold	  may	  be	  too	  high	  a	  cost	  on	  
the	  male	  alone	  to	  incubate	  the	  egg	  and	  so	  to	  increase	  hatching	  success,	  the	  participation	  in	  brooding	  
by	   the	   female	  may	   allow	   the	  male	   to	   feed	   and	   therefore	   produce	   enough	   energy	   to	   successfully	  
incubate,	  and	  to	  prevent	  the	  egg	  from	  cooling	  down	  too	  severely	  (McLennan	  &	  McCann,	  1991).	  	  
GSK	   are	   K-­‐strategist	   breeders	   (Gasson,	   2005)	   as	   females	   are	   generally	   only	   able	   to	   produce	   single	  
eggs	  in	  a	  laying	  season	  (Cockrem	  et	  al.,	  1992),	  most	  likely	  due	  to	  the	  cost	  of	  producing	  such	  a	  large	  
egg	  (McLennan	  &	  McCann,	  1991).	  The	  highest	  proportion	  of	  GSK	  eggs	  are	   laid	  before	  October	  of	  a	  
breeding	  year	  (87%)	  with	  general	  breeding	  dates	  from	  August	  to	  January	  (Cockrem	  et	  al.,	  1992)	  and	  
an	  incubation	  duration	  of	  70	  -­‐	  85	  days	  (Gasson,	  2005;	  Sales,	  2005).	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The	  territorial	  nature	  of	  kiwi	  allow	  for	  stable	  home	  ranges	  to	  be	  created	  by	  individuals	  or	  pairs.	  Since	  
kiwi	   are	   monogamous,	   paired	   individuals	   will	   defend	   a	   shared	   territory	   (Sales,	   2005;	   Taborsky	   &	  
Taborsky,	  1999).	  Several	   studies	  have	   tried	   to	  determine	   the	  mean	  home	  range	  size	  of	  GSK.	  These	  
studies	  were	  primarily	   looking	  at	  established	  territories	  of	  known	  birds	  with	  no	  major	  disturbances	  
such	  as	  translocations.	  	  
The	  study	  by	  Keye	  et	  al.	  (2011)	  looked	  at	  the	  home	  range	  size	  and	  population	  of	  the	  GSK	  in	  the	  North	  
Branch	  of	  the	  Hurunui	  River	  –	  a	  mainland	  island	  site.	  They	  determined	  that	  the	  range	  of	  these	  birds	  
had	  a	  mean	  of	  29.3	  ha	  and	   that	   the	  whole	  area	  had	  a	   total	  of	   around	  290	  birds	   in	   the	  2007-­‐2008	  
years.	   This	   study	   is	   of	   interest	   as	   it	   included	   a	   calculation	   of	   density	   relating	   to	   pairs	   and	   total	  
numbers	  of	  birds.	  It	  was	  determined	  that	  there	  were	  approximately	  two	  pairs	  per	  square	  kilometre	  
and	   five	   birds	   per	   square	   kilometre	   if	   sub-­‐adults	   were	   considered.	   Bird	   densities	   were	   low	   in	  
comparison	  to	  other	  GSK	  figures	  (the	  mean	  range	  for	  the	  Saxon	  Hut	  birds	  was	  estimated	  at	  around	  
23	  ha;	   (Robertson	   et	   al.,	   2005))	   but	   this	  was	   assumed	   to	   be	   related	   to	   the	   high	   proportion	  of	   the	  
terrain	   being	   steep	   or	   less	   suitable.	   Keye	   et	   al.	   (2011)	   found	   that	   there	   was	   obvious	   overlap	   of	  
territory	  between	  known	  pair-­‐bonded	  birds	  and	  little,	  if	  any,	  overlap	  between	  neighbours.	  	  
Jahn	  et	  al.	  (2013)	  found	  that	  the	  mean	  home	  range	  size	  for	  GSK	  was	  28.0	  ha.	  It	  was	  also	  found	  that	  
the	  home	  ranges	  of	  sub	  adults	  in	  the	  Nelson	  Lakes	  National	  Park	  are	  approximately	  half	  of	  the	  mean	  
home	  range	  of	  adults.	  Jahn	  et	  al.	   (2013)	  also	   looked	  at	  the	  relationship	  of	  home	  range	  overlap	  and	  
relatedness	  of	  kiwi	  and	  they	  observed	  that	  sub-­‐adult	  GSK	  remained	  in	  parts	  of	  the	  natal	  territory	  for	  
up	  to	  3.5	  years	  (Jahn,	  2012).	  There	  was	  often	  significant	  overlap	  of	  territories	  of	  adults	  and	  sub-­‐adult	  
offspring,	  which	   indicated	   there	  might	  be	  a	  much	   longer	  duration	  of	  parental	   input	   than	   for	  other	  
kiwi	  species.	  There	  is	  no	  known	  literature	  as	  to	  the	  reasons	  why	  older	  offspring	  are	  still	  present	  near	  
adults	   for	   this	   period,	   as	   it	   is	   not	   thought	   that	   they	   help	   with	   sibling	   rearing	   (Jahn,	   2012).	   They	  
postulated	  that	  translocated	  pairs	  may	  exhibit	  a	  different	  territory	  size	  initially	  as	  territory	  structure	  
formation	   is	   usually	   a	   gradual	   process	   (Jahn	   et	   al.,	   2013),	   and	   in	   the	   event	   of	   there	   being	   surplus	  
females	   in	  the	  area,	  an	   increase	  of	  divorces	   in	  a	  population	  can	  create	  new	  pair-­‐bonds	  (Jahn	  et	  al.,	  
2013).	  
In	  addition	   to	   these	   studies,	   the	  density	  of	   the	  Arthurs	  Pass	  extant	  population	  of	  GSK	   in	  2002	  was	  
estimated	   at	   2	   -­‐	   3	   birds	   per	   km2,	  which	   is	   consistent	  with	   Keye	   (2008)	   and	   an	   estimate	   of	   around	  
3000	  individuals	  (McLennan	  &	  McCann,	  2002).	  Although	  a	  mean	  home	  range	  was	  not	  calculated,	  the	  
density	  could	  potentially	  be	  used	  as	  a	  proxy	  for	  an	  approximate	  home	  range	  size	  if	  the	  size	  of	  useable	  
area	  is	  considered.	  
In	  summary,	  the	  mean	  home	  range	  size	  from	  the	  literature	  examples	  of	  stable,	  relatively	  undisturbed	  
populations	  is	  in	  the	  range	  of	  23	  –	  29.3	  ha	  per	  bird.	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1.3 Kiwi	  conservation	  
Successful	  conservation	  management	  strategies	  hope	  to	  balance	  an	  age-­‐old	  conservation	  equation.	  
Wildlife	  managers	  can	  either	  attempt	  to	  increase	  fecundity,	  recruitment	  and	  long-­‐term	  survival	  rates	  
or	   decrease	   the	   rate	   of	  mortality	   (Sinclair,	   Fryxell,	   &	   Caughley,	   2006)	   or	   employ	   a	   combination	   of	  
both	  strategies.	  Conservation	  management	  can	  be	  around	  habitat	  quality,	  species	  composition	  and	  
overall	  population	  management.	  
Problems	   arise	   in	   populations	  when	   numbers	   are	   too	   low	   or	   isolated	   to	   provide	   natural	   dispersal	  
mechanisms	  for	  genetic	  mixing.	  If	  a	  population	  falls	  below	  a	  sustainable	  threshold	  and/or	  each	  sub-­‐
population	   becomes	   too	   isolated,	   then	   these	   populations	   are	   at	   risk	   of	   Allee	   effects.	   These	   may	  
manifest	  as	  low	  reproduction	  rates,	  loss	  of	  genetic	  diversity	  or	  a	  lower	  ability	  to	  respond	  to	  selection	  
pressures	  (Ramstad	  et	  al.,	  2013).	  Intense	  protected	  management	  of	  a	  small	  population	  may	  also	  lead	  
to	   inbreeding	  depression	   (Ramstad	  et	  al.,	   2013).	  All	  of	   these	   issues	  are	  exacerbated	   in	  kiwi	  due	   to	  
their	   longer	   life	   span,	   low	   reproductive	   rate,	   high	   parental	   investment	   and	   limited	   dispersal	  
opportunities	  as	  compared	  to	  other	  avian	  species	  (Ramstad	  et	  al.,	  2013).	  Habitat	  loss	  has	  the	  flow	  on	  
effect	   of	   reduced	   dispersal	   opportunities	   and	   therefore	   an	   effect	   on	   genetic	   diversity.	   This	   can	   be	  
detrimental	   to	   long	   term	   population	   viability	   (Shepherd	   &	   Lambert,	   2008)	   through	   inbreeding	  
depression,	   inability	   to	   react	   to	   stochastic	   events	   and	   genetic	   drift.	   Therefore,	   genetics	  must	   be	   a	  
significant	  consideration	  in	  the	  overall	  management	  strategy	  of	  kiwi.	  	  
Monitoring	  programmes	  using	  radio	  tagging	  are	  another	  conservation	  management	  strategy	  utilized	  
in	   the	   field	   (Morgan	  et	  al.,	  2013).	  Monitoring	  cryptic,	  nocturnal	   species	   that	  occur	   in	   low	  densities	  
poses	  some	  difficulties.	  Current	   reliable	   forms	  of	  monitoring	  kiwi	   in	   the	  wild	   include	   radio	   tracking	  
and	   using	   trained	   dogs	   (Sales,	   2005)	   but	   these	   are	   limited	   by	   location,	   budget	   and	   resource	  
constraints	   (Pierce	  &	  Westbrooke,	  2003).	  Call	  counts	  are	  another	   form	  of	  monitoring	  and	  have	  the	  
added	  benefit	  of	  being	  non-­‐invasive.	  The	  challenges	  with	  this	  form	  of	  monitoring	  are	  that	  although	  
there	  is	  some	  evidence	  of	  individuality	  in	  calls	  (Dent	  &	  Molles,	  2015)	  it	  is	  generally	  used	  to	  monitor	  
changes	  in	  the	  population	  over	  time	  and	  requires	  frequent	  sampling.	  	  
1.3.1 Predator	  control	  measures	  
Predation	  by	  introduced	  mammals	  following	  human	  colonisation,	  is	  by	  far	  the	  most-­‐studied	  threat	  to	  
kiwi	  and	  many	  other	  endemic	  taxa	  (Shepherd	  &	  Lambert,	  2008).	  Seventy-­‐four	  bird	  species	  have	  been	  
lost	   in	  the	  greater	  New	  Zealand	  region,	  a	  number	  due	  to	  the	   introduction	  of	  mammalian	  predators	  
by	  both	  Maori	  and	  European	  settlers,	  with	  the	  greatest	  loss	  felt	  by	  flightless	  or	  poorly	  flighted	  birds	  
(McLennan,	  2006).	  Kiwi	  numbers	  have	  been	   thought	   to	  be	  declining	   from	   the	  beginning	  of	  human	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settlement	  around	  800	  years	  ago	  (Shepherd	  &	  Lambert,	  2008).	  Maori	  would	  hunt	  them	  for	  food	  and	  
materials	  in	  addition	  to	  predation	  by	  the	  kuri	  (dog,	  Canis	  lupus	  familiaris)	  and	  kiore	  (Polynesian	  rat,	  
Rattus	  exulans)	  that	  were	  introduced	  at	  this	  time	  (Holzapfel	  et	  al.,	  2008;	  Shepherd	  &	  Lambert,	  2008).	  
Following	   Maori	   settlement,	   the	   Europeans	   arrived	   in	   the	   19th	   century	   bringing	   with	   them	   more	  
invasive	   mammalian	   predators	   and	   instigating	   significant	   habitat	   loss	   through	   clear	   cutting	   for	  
pastoral	  farmland	  (Shepherd	  &	  Lambert,	  2008).	  
Predators	   are	   the	  main	  agent	  of	  decline	   for	   all	  wild	   kiwi	  populations	   (Holzapfel	   et	   al.,	   2008;	   Sales,	  
2005).	   In	   the	   literature,	  most	  predation	   is	  attributed	   to	  mustelids	   (Mustela	  spp.),	   cats	   (Felis	   catus),	  
dogs,	   possums	   and	   occasionally	   rodents	   (Rattus	   spp.),	   with	   stoats	   (Mustela	   erminea)	   being	  
considered	   a	   key	   factor	   in	   the	   decline	   of	   kiwi	   populations	   on	   the	  mainland	   (Morgan	   et	   al.,	   2014).	  
Around	   areas	   of	   human	   habitation,	   cats	   and	   dogs	   are	   significant	   contributors	   to	   kiwi	   mortality	  
(Colbourne	  et	  al.,	  2005).	  Predation	  by	  possums	   is	   found	  to	  be	  higher	   in	  ground	  nesting	  species	   like	  
kiwi,	   than	   arboreal	   nesters	   (Whyte,	   2013).	   Although	   kiwi	   predator	   avoidance	   behaviours	   such	   as	  
freezing	  and	  running	  into	  a	  burrow	  are	  sufficient	  to	  avoid	  most	  native	  birds	  of	  prey,	  this	  does	  little	  to	  
help	  escape	  mammalian	  predators	  who	  use	  their	  dexterity	  and	  olfactory	  senses	   to	   their	  advantage	  
(Castro,	  2011).	  Kiwi	  have	  not	  had	  the	  benefit	  of	  co-­‐evolution	  to	  cope	  with	  these	  new	  exotic	  predators	  
(Sinclair	  et	  al.,	  2006).	  
Predator	   load	  within	   the	   kiwi	  habitat	   can	   influence	   kiwi	  productivity	   and	  abundance	   (McLennan	  &	  
McCann,	  2002).	  The	  kiwi	  population	  decline	  is	  mostly	  attributed	  to	  a	  lack	  of	  recruitment	  of	  younger	  
birds	  (Castro,	  2011;	  Morgan	  et	  al.,	  2013;	  Robertson	  et	  al.,	  2005).	  This	  is	  thought	  to	  be	  largely	  due	  to	  
predation	  pressures	  that	  chicks	  and	   juveniles	   face	   in	  the	  wild	  (Colbourne	  et	  al.,	  2005;	  McLennan	  &	  
McCann,	  2002).	   	  Reduced	  vulnerability	  to	  specific	  predator	  species	  occurs	  at	  different	   life	  stages	  of	  
the	  kiwi	  (McLennan	  et	  al.,	  1996)	  with	  adults	  capable	  of	  rebuffing	  attacks	  from	  small	  to	  medium-­‐sized	  
mustelids	  and	  rodents	  (Gasson,	  2005;	  McLennan,	  2006).	  It	  has	  been	  identified	  that	  kiwi	  on	  predator	  
free	   offshore	   islands	   have	   greater	   numbers	   of	   offspring	   surviving	   and	   replacing	   the	   adult	   natural	  
attrition	   than	   kiwi	   on	   the	   mainland	   (Robertson	   et	   al.,	   2003).	   This	   led	   to	   the	   conclusion	   that	   the	  
introduced	  predator	  contribution	  is	  fundamental	  to	  the	  prevention	  of	  the	  natural	  recruitment.	  Eggs	  
are	   vulnerable	   to	   predation	   by	   possums,	   rats,	   cats,	   and	  mustelids	  when	   left	   unattended,	   even	   for	  
short	  periods	  of	  time	  (McLennan	  et	  al.,	  1996).	  Juveniles	  and	  chicks	  are	  at	  particular	  risk	  from	  stoats	  
and	  cats	  as	  they	  are	  not	  yet	  big	  enough	  to	  fend	  off	  attacks	  and	  are	  easily	  caught	  (McLennan,	  2006;	  
McLennan	  et	  al.,	  1996).	  A	  study	  conducted	  by	  McLennan	  et	  al.	  (1996)	  measured	  the	  survival	  rates	  of	  
brown	  kiwi	  and	  GSK	  at	  different	  life	  stages	  in	  mainland	  forests.	  Although	  the	  eggs	  were	  predated	  less	  
than	  expected,	  possibly	  due	  to	  attentiveness	  of	  the	  adults,	  it	  was	  predicted	  that	  94%	  of	  kiwi	  were	  not	  
surviving	  to	  adulthood.	  Young	  kiwi	  suffered	  the	  highest	  mortality	  within	  the	  first	  100	  days	  of	  life	  with	  
the	  majority	  of	  the	  deaths	  that	  occurred	  in	  the	  first	  six	  months	  due	  to	  predation	  in	  unmanaged	  sites	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(Colbourne	  et	  al.,	  2005).	  Stoats	  are	  responsible	   for	  around	  half	  of	  all	  chick	  deaths	  on	  the	  mainland	  
(Holzapfel	  et	  al.,	  2008).	  The	  conclusion	  of	  the	  study	  by	  McLennan	  et	  al.	  (1996)	  reiterated	  the	  fact	  that	  
predation	  on	  young	  kiwi	  is	  the	  most	  important	  factor	  of	  decline	  of	  mainland	  populations.	  
When	  determining	  the	  threats	  to	  certain	  species	  or	  specific	  populations,	  wildlife	  managers	  need	  to	  
consider	   genetic,	   environmental	   and	   social	   factors	   that	   may	   affect	   management	   options.	   Other	  
factors	   that	   are	   natural	   but	  may	   require	  management	   or	   intervention	   include	  monitoring	   a	   bird’s	  
parasite	  load	  as	  this	  could	  potentially	  affect	  a	  bird’s	  fitness.	  For	  example,	  although	  GSK	  have	  several	  
associated	   feather	   lice	   and	   mite	   species	   (Sales,	   2005),	   there	   is	   little	   literature	   regarding	   whether	  
these	   are	   specifically	   implicated	   in	   decreased	   bird	   fitness.	   Other	   less	   studied	   threats	   include	  
competition	  hypotheses	  and	  diseases.	  While	  predation	  control	  is	  a	  well	  used	  management	  tool,	  the	  
unintended	   consequences	   of	   selective	   predator	   removal	   are	   a	   potential	   increase	   in	   other	   lesser	  
predators	  and	  food	  competitors	  (Colbourne	  et	  al.,	  2005).	  Control	  of	  stoats	  can	  cause	  an	  increase	  in	  
rats	   who	   can	   target	   kiwi	   eggs	   and	   chicks	   or	   are	   direct	   food	   competitors	   (Courchamp,	   Chapuis,	   &	  
Pascal,	   2003)	   but	   more	   research	   is	   required	   to	   test	   this	   hypothesis	   (Holzapfel	   et	   al.,	   2008).	  
Additionally,	   new	   avian	   diseases	   could	   be	   introduced	   (Holzapfel	   et	   al.,	   2008)	   through	   domestic	  
poultry	  or	  other	  bird	  species	  and	  unintentionally	  distributed	  by	  equipment	  or	  human	  contact.	  	  	  
A	  successful	  management	  strategy	  needs	  to	  account	  for	  inter-­‐taxa	  differences.	  GSK	  is	  the	  largest	  of	  
the	   kiwi	   taxa	   and	   inhabits	   large	   isolated	   stretches	   of	   the	   northwest	   of	   the	   South	   Island.	   The	  
International	  Union	  for	  Conservation	  of	  Nature	  (IUCN)	  classify	  GSK	  as	  ‘vulnerable’	  and	  suspected	  to	  
be	  in	  rapid	  decline	  due	  to	  predation	  by	  introduced	  species.	  Holzapfel	  et	  al.	  (2008)	  predicted	  that	  the	  
population	  may	  have	  been	  around	  16,000	  robust	  population	  counts	  of	  GSK	  and	  approximations	  have	  
been	  used	  with	  an	  estimate	  of	  annual	  population	  decline.	  It	  was	  estimated	  that	  in	  1996	  there	  could	  
have	   been	   a	   total	   number	   of	   22,000	   individuals.	   It	   was	   projected	   at	   this	   time	   that	   in	   2006,	   this	  
number	   could	   have	   decreased	   to	   as	   little	   as	   12,000	   (Sales,	   2005),	   presumably	   with	   no	   added	  
management	   approaches.	   Although	   there	   have	   been	   no	   studies	   to	   my	   knowledge	   on	   population	  
counts,	  it	  is	  commonly	  thought	  that	  the	  Arthurs	  Pass	  is	  home	  to	  the	  smallest	  sustained	  population	  of	  
GSK	  (Gasson,	  2005).	  
GSK	  inhabit	  large	  tracts	  of	  Nothofagus	  forest,	  known	  for	  mast	  events.	  These	  mast	  events	  increase	  the	  
populations	  of	  rats	  and	  mice	  who	  feed	  on	  the	  dropped	  seed,	  which	  in	  turn	  increase	  the	  numbers	  of	  
stoats	   and	   other	   rat	   predators	   (McLennan,	   2006).	   The	   risk	   for	   GSK	   arises	   when	   the	   higher	   rat	  
population	   cannot	   be	   sustained	   and	   drops	   dramatically;	   this	   then	   puts	   pressure	   on	   the	   high	   stoat	  
population	   and	   their	   predation	   shifts	   from	   rats	   to	   other	   species	   such	   as	   kiwi	   (Murphy,	  Maddigan,	  
Edwards,	  &	  Clapperton,	  2008).	  GSK	  adults	  suffer	  few	  losses	  through	  predation,	  as	  the	  largest	  forest	  
predators	  tend	  to	  be	  cats	  and	  stoats	  (McLennan	  et	  al.,	  1996)	  and	  adult	  GSK	  are	  large	  enough	  to	  repel	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most	   attacks	   from	   these	  medium	   sized	   predators.	   However,	   GSK	   eggs	   and	   chicks	   are	   not	   as	   well	  
protected	   by	   size.	   A	   study	   conducted	   by	   Deverell	   (2012)	   found	   that	   only	   29%	   of	   GSK	   eggs	   are	  
incubated	  to	  full	  term	  in	  the	  wild	  versus	  a	  79%	  success	  rate	  for	  artificially	  incubated	  eggs.	  Intensity	  of	  
kiwi	  management	  should	  therefore	  be	  increased	  with	  increasing	  rat	  numbers	  (Murphy	  et	  al.,	  2008),	  
especially	  in	  mast	  years	  and	  with	  the	  use	  of	  1080	  controls.	  
Other	  known	  specific	  threats	  of	  adult	  GSK	  include	  dogs	  (Holzapfel	  et	  al.,	  2008),	  possum	  traps,	  motor	  
vehicles	  and	  vegetation	  clearance	  (Gasson,	  2005),	  although	  the	  last	  risk	  is	  less	  prevalent	  due	  to	  DoC	  
managing	  the	  majority	  of	  GSK	  habitat.	  
1.3.2 Population	  seeding	  and	  augmentation	  
In	   1991,	   the	   Kiwi	   Recovery	   Programme	   (KRP)	   was	   initiated	   in	   response	   to	   the	   alarming	   kiwi	  
population	   decline,	   a	   lack	   of	   scientific	   information	   on	   our	   national	   bird	   and	   as	   a	   conservation	  
management	  tool	   (Holzapfel	  et	  al.,	  2008;	  Robertson	  et	  al.,	  2003;	  Sales,	  2005).	  The	  programme	  was	  
tasked	   with	   advocacy,	   captive	   breeding	   projects,	   predator	   control	   and	   the	   creation	   of	   kiwi	  
sanctuaries.	  The	  programme	  is	  led	  by	  the	  Department	  of	  Conservation	  in	  conjunction	  with	  the	  Bank	  
of	  New	  Zealand,	  the	  Operation	  Nest	  Egg	  (ONE)	  programme	  and	  the	  Royal	  Forest	  and	  Bird	  Protection	  
Society	  (Holzapfel	  et	  al.,	  2008).	  	  
One	  of	   the	   first	   goals	   of	   the	  Kiwi	  Recovery	  Plan	   (KRP)	   is	   to	  halt	   the	  decline	  of	  GSK	   and	  other	   kiwi	  
species.	  Other	  relevant	  goals	  and	  objectives	  specifically	  relating	  to	  the	  GSK	  are	  seen	  in	  Tables	  3	  and	  
4.	  With	  the	  formation	  of	  the	  Kiwi	  Recovery	  Group	  in	  1991,	  a	  rolling	  series	  of	  10-­‐year	  plans	  continue	  
to	   help	   define	   the	   strategy	   to	   accomplish	   the	   ultimate	   objective	   of	   achieving	   self-­‐sustaining	   kiwi	  
populations.	  The	  stated	  goal	  of	  this	  plan	  for	  2008-­‐2018	  is	  “to	  restore	  and,	  wherever	  possible,	  enhance	  
the	  abundance,	  distribution	  and	  genetic	  diversity	  of	  all	  kiwi	  taxa.”	  (Holzapfel	  et	  al.,	  2008).	  This	  plan	  
was	   due	   for	   review	   in	   2013	   but	   I	   was	   unable	   to	   find	   evidence	   that	   a	   review	  was	   conducted.	   The	  
recovery	  action	  for	  GSK	  as	  listed	  by	  this	  plan	  is	  still	  in	  the	  ‘research’	  phase	  as	  it	  is	  thought	  that	  not	  all	  
agents	  of	  decline	  have	  been	  fully	  identified	  and	  understood	  (Holzapfel	  et	  al.,	  2008).	  	  
Table	  3:	  Goals	  in	  the	  KRP	  relating	  specifically	  to	  this	  GSK	  research	  study	  
Goal	   Action	  
1.2	   Halt	  overall	  decline	  of	  GSK,	  tokoeka	  and	  brown	  kiwi	  
1.3	   Minimize	  the	  loss	  of	  distribution	  and	  genetic	  diversity	  of	  populations	  in	  the	  wild	  for	  
all	  kiwi	  spp.	  
3.2	   Undertake	  robust	  population	  modeling	  for	  all	  kiwi	  spp.	  
	  
	  
Table	  4:	  Objectives	  in	  the	  KRP	  relating	  specifically	  to	  this	  GSK	  research	  study	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Objective	   Action	  
10.1	   To	  manage	  a	  sufficient	  proportion	  of	  kiwi	  spp.	  To	  ensure	  that	  the	  net	  rate	  of	  
loss	  is	  zero	  over	  the	  whole	  population	  
26.2	   To	  increase	  our	  understanding	  of	  the	  ecology	  and	  behaviour	  of	  kiwi.	  	  
	  
The	   current	  management	   strategies	   employed	   by	  DoC	   and	   other	   private	   community	   organisations	  
include	   predator	   control,	   translocation	   and	   captive	   breeding	   programmes	   (Holzapfel	   et	   al.,	   2008;	  
Sales,	  2005)	  and	  are	  essential	  tools	  for	  stabilizing	  current	  kiwi	  populations	  (Robertson	  &	  de	  Monchy,	  
2012).	  The	  mixture	  of	  such	  management	  strategies	  is	  dependent	  on	  the	  species’	  breeding	  biology,	  as	  
some	   populations	   respond	   better	   to	   more	   intensive	   predator	   control	   than	   to	   captive	   breeding	  
programmes	   like	   BNZ	   ONE	   (Robertson	   &	   de	   Monchy,	   2012).	   Translocations	   are	   used	   to	   seed	   or	  
augment	  kiwi	  populations	  towards	  becoming	  self-­‐sustaining	  (Ramstad	  et	  al.,	  2013).	  
1.3.3 Operation	  Nest	  Egg	  (ONE)	  and	  captive	  rearing	  
Captive	  rearing	  is	  a	  conservation	  management	  strategy	  (Morgan	  et	  al.,	  2013)	  that	  can	  be	  employed	  
to	  action	   the	  KRP.	  Essentially,	   captive-­‐reared	  birds	  are	  given	   the	  chance	   to	  grow	   in	   the	  absence	  of	  
their	  main	  predators	  until	  they	  are	  of	  such	  a	  weight	  that	  they	  are	  more	  likely	  to	  survive	  in	  the	  wild	  
with	  the	  objective	  of	  broad	  release,	  or	  release	  into	  kiwi	  sanctuaries	  for	  the	  most	  endangered	  species	  
(Holzapfel	  et	  al.,	  2008;	  Sales,	  2005).	  	  
The	  BNZ	  ONE	  project	  was	  a	  joint	  effort	  between	  DoC	  and	  the	  BNZ	  Save	  the	  Kiwi	  Trust	  and	  began	  in	  
1994,	   as	   a	   formalized	   programme	   for	   captive	   rearing.	   It	   was	   first	   implemented	   as	   part	   of	   the	  
breeding	  programme	  for	  the	  North	   Island	  brown	  kiwi	   (A.	  mantelli)	  before	  being	  expanded	  to	  other	  
kiwi	  species	  (Colbourne	  et	  al.,	  2005).	  Wild	  eggs	  are	  harvested	  for	  artificial	   incubation,	  hatched	  then	  
crèched	  in	  predator	  free	  sanctuaries	  before	  being	  released	  back	  into	  the	  wild	  at	  “safe-­‐weight”.	  Safe	  
weight	  is	  a	  term	  given	  to	  the	  weight	  at	  which	  a	  kiwi	  juvenile	  has	  a	  good	  chance	  of	  repelling	  a	  stoat	  
attack	  in	  the	  wild	  and	  is	  generally	  from	  800	  –	  1200	  g	  across	  the	  different	  kiwi	  species	  (Colbourne	  et	  
al.,	   2005).	  ONE	  has	  been	  a	  useful	   tool	   for	  population	   supplementation	   (artificial	   kiwi	   recruitment),	  
starting	  a	  new	  population	  in	  an	  area	  previously	  extirpated	  and	  increasing	  the	  population	  size	  of	  our	  
most	  rare	  species,	  the	  rowi	  (A.	  rowi).	  	  The	  major	  advantage	  of	  captive	  rearing	  programmes	  like	  ONE	  
are	  that	  they	  can	  increase	  the	  hatch	  rates	  from	  5%	  in	  the	  wild	  to	  closer	  to	  65%	  (Morgan	  et	  al.,	  2014).	  
There	   are	   a	   few	   disadvantages	   of	   captive	   rearing	   with	   the	   two	   most	   predominant	   issues	   being	  
disease	  control	  and	  cost.	  Captive	  reared	  birds	  are	  more	   likely	   to	  contract	  coccidia	  due	  to	  the	  small	  
crèche	   spaces	   available	   that	   drive	   up	   animal	   density	   (Morgan	   et	   al.,	   2014)	   and	   increase	   the	  
opportunity	  for	  exposure.	  The	  costs	  for	  the	  ONE	  programme	  are	  economically	  high,	  even	  when	  radio	  
tracking	   is	   conducted	   largely	   with	   volunteers	   (Colbourne	   et	   al.,	   2005).	   Therefore	   careful	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consideration	   needs	   to	   be	   taken	   to	   see	   if	   this	   management	   strategy	   is	   the	   right	   option	   for	   the	  
population	  in	  question.	  
There	  were	  some	  initial	  concerns	  that	  ONE	  birds	  may	  have	  difficulty	  adjusting	  to	  the	  wild	  but	  these	  
seem	  to	  be	  unjustified,	  as	   it	  appears	  that	  much	  of	  the	  behaviour	   is	   innate	  for	  at	   least	  the	  rowi	  and	  
North	   Island	  brown	  kiwi	  (Colbourne	  et	  al.,	  2005).	  GSK	  captive	  rearing	   is	  currently	  being	  phased	  out	  
through	   natural	   attrition	   in	   the	   ONE	   programme	   because	   they	   have	   responded	   well	   to	   other	  
management	  strategies	  (Barlow,	  2011).	  
1.3.4 Wild-­‐to-­‐wild	  (W2W)	  translocations	  
Translocations	   are	   defined	   by	   Miskelly	   and	   Powlesland	   (2013)	   as	   the	   “deliberate	   movement	   and	  
release	  of	  wildlife”	  and	  a	  well	  used	  conservation	   tool	  here	   in	  New	  Zealand.	   It	   is	   further	  defined	  by	  
McLennan	  (2006)	  as	  “the	  intentional	  release	  of	  a	  species	  in	  a	  new,	  safe	  location”.	  The	  Department	  of	  
Conservation	  uses	  the	  definition	  “(the)	  managed	  movement	  of	  plants	  and	  animals	  from	  one	  location	  
to	  another”,	  which	  may	  consist	  of	  one	  or	  more	  transfers	  (Cromarty	  &	  Alderson,	  2013).	  Translocations	  
or	   transfers	   can	   help	  mimic	   the	   natural	   process	   of	   colonisation	  where	   populations	   are	   isolated	   by	  
geography	  and	  habitat	  fragmentation	  (Veltman,	  Nee,	  &	  Crawley,	  1996).	  	  
There	  are	  four	  main	  purposes	  under	  which	  translocations	  are	  employed.	  The	  first	  is	  to	  reintroduce	  a	  
species	   to	   their	   native	   range	   where	   the	   local	   population	   is	   extinct	   (Cromarty	   &	   Alderson,	   2013;	  
Dimond	  &	  Armstrong,	  2007;	  Ramstad	  et	  al.,	  2013).	  The	  second	   is	  to	  translocate	  a	  species	  to	  a	  new	  
area	  outside	  their	  geographic	  range	  for	  the	  purposes	  of	  saving	   it	   from	  extinction	  where	  there	   is	  no	  
area	  suitable	   for	   translocation	  within	   the	  actual	  historic	   range	   (Ramstad	  et	  al.,	  2013;	  Sinclair	  et	  al.,	  
2006).	  One	  concern	  with	  this	   is	  that	  relocating	   individuals	  outside	  of	  their	  current	  native	  range	  can	  
lead	  to	  loss	  of	   local	  adaptations	  (Ramstad	  et	  al.,	  2013).	  The	  third	  is	  to	  bolster	  a	  flagging	  population	  
and	   increase	   genetic	   flow	   (Dickens,	   Delehanty,	   &	   Romero,	   2009;	   Sinclair	   et	   al.,	   2006;	   Teixeira,	   De	  
Azevedo,	  Mendl,	  Cipreste,	  &	  Young,	  2007;	  Veltman	  et	  al.,	  1996).	  And	  lastly,	  to	  replace	  an	  ecological	  
function	  a	  locally	  or	  globally	  extinct	  species	  serves	  within	  that	  ecological	  system	  (Sinclair	  et	  al.,	  2006).	  
Translocations	   are	   also	   used	   to	   hedge	   against	   stochastic	   events	   that	   can	   severely	   decimate	   or	  
extirpate	  a	  species	  (Griffith,	  Scott,	  Carpenter,	  &	  Reed,	  1989).	  In	  the	  case	  of	  the	  little	  spotted	  kiwi	  (A.	  
owenii),	   separating	   and	   increasing	   populations	   using	   ONE	   or	   W2W	   translocations	   (Colbourne	   &	  
Robertson,	   1997)	   have	   decreased	   the	   likelihood	   of	   a	   collapse	   of	   the	   hard	   earned	   gains	   for	   this	  
species.	  
Translocations	   have	   been	   employed	   for	   over	   100	   years	   but	   only	   in	   the	   last	   30	   years	   have	   they	  
become	  more	  successful	   (Miskelly	  &	  Powlesland,	  2013).	  Richard	  Henry	  pioneered	   translocations	  as	  
early	  as	  1894.	  As	  the	  caretaker	  of	  Resolution	   Island,	  he	  moved	  several	  species	  at	  risk	  of	  extinction,	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including	  kiwi.	  However,	   these	  efforts	  ultimately	   failed	  as	   the	   island	  was	  too	  close	  to	  the	  mainland	  
and	  was	  subsequently	  invaded	  by	  mammalian	  predators	  (Castro,	  2011).	  Although	  translocations	  are	  
widely	  employed	  in	  conservation	  management,	  there	  are	  several	  areas	  that	  are	  understudied	  or	  have	  
been	   identified	   that	   can	   hinder	   successful	   translocations.	   Several	   species	   of	   birds	   have	   failed	   to	  
translocate	  successfully	  and	  there	  is	  little	  literature	  as	  to	  the	  reasons	  why	  some	  of	  these	  have	  failed.	  
The	  cause	  of	  some	  failures	  has	  been	  identified	  and	  learning	  from	  these	  failures	  has	  produced	  several	  
successful	   subsequent	   translocations,	   yet	   there	   is	   still	   a	   significant	   knowledge	   gap	   about	   the	  
reactions	  and	  expectations	  for	  individual	  species.	  Most	  literature	  on	  kiwi	  behaviour	  and	  management	  
is	  published	  in	  regional	  journals	  (Sales,	  2005)	  or	  in	  reports	  commissioned	  by	  DoC.	  This	  information	  is	  
largely	   fragmented	   and	   further	   research	   needs	   to	   be	   done	   to	   increase	   our	   knowledge	   and	  
understanding	  of	  these	  cryptic	  birds.	  	  
Kiwi	   are	   one	   of	   the	  more	   common	   species	   to	   be	   translocated	   (Cromarty	  &	  Alderson,	   2013).	   As	   of	  
2012,	   there	  have	  been	  25	  successful	   translocations	  of	  kiwi	   taxa,	  18	   failures,	  14	   in	  progress	  or	  with	  
undetermined	  outcomes,	  five	  with	  few	  birds	  left	  and	  one	  hybrid	  population	  (Miskelly	  &	  Powlesland,	  
2013).	  Although	  translocations	  are	  part	  of	  the	  strategy	  for	  kiwi	  recovery,	  a	  high	  level	  of	  resources	  is	  
also	   put	   into	   captive	   breeding	   and	   rearing	   of	   chicks,	   which	   are	   then	   released	   into	   the	   wild.	  
Fortunately,	  following	  the	  development	  of	  VHF	  transmitters	  for	  birds	  in	  the	  1980’s,	  monitoring	  birds	  
for	   management	   purposes	   has	   increased	   our	   knowledge	   and	   understanding	   of	   their	   biology	   and	  
behaviour.	   Kiwi	   rarely	   move	   more	   than	   a	   few	   kilometres;	   therefore	   are	   easily	   ground	   tracked	  
(Robertson	  et	  al.,	  2003).	  	  
The	   advantages	   of	  W2W	   translocations	   in	   kiwi	   is	   that	   the	   birds	   already	   have	   appropriate	   survival	  
skills	  in	  place,	  especially	  in	  instances	  where	  they	  are	  being	  moved	  to	  a	  similar	  habitat	  type	  (Griffith	  et	  
al.,	   1989).	   Social	   skills	   are	   also	   well	   developed	   and	   can	   be	   used	   to	   the	   advantage	   of	   the	   wildlife	  
manager	   in	   instances	   where	   birds	   that	   are	   already	   known	   to	   each	   other,	   are	  moved	   in	   the	   same	  
translocation.	   Additionally,	   this	   is	   more	   cost	   effective	   as	   there	   is	   no	   incubating	   or	   chick	   rearing	  
required	  in	  captivity,	  which	  is	   inherently	  time	  consuming	  and	  expensive	  (Colbourne	  et	  al.,	  2005).	   In	  
the	  case	  of	  moving	  adult	  birds,	  breeding	  may	  commence	  at	  the	  next	  breeding	  season	  as	  opposed	  to	  
waiting	  for	  at	  least	  3	  -­‐	  4	  years	  (Castro,	  2011)	  for	  released	  ONE	  birds.	  	  
Disadvantages	  of	   translocations	   include	   the	   impact	  a	  single	  or	   repeated	  harvesting	  of	  a	  source	  site	  
has	  on	  the	  remaining	  population.	  This	  can	  potentially	  be	  detrimental	  to	  a	  source	  site	  if	  the	  harvest	  is	  
not	  selective	  (of	  individuals)	  in	  relation	  to	  social	  bonds	  and	  sex	  ratios,	  and	  if	  too	  many	  individuals	  are	  
removed	   the	   population	   may	   fail	   to	   rebound	   in	   the	   future	   (Dimond	   &	   Armstrong,	   2007).	   It	   is	  
recommended	   that	   a	   source	   site	   should	  be	  monitored	   to	  ensure	   that	  only	   a	   sustainable	  harvest	   is	  
taken	  (Dimond	  &	  Armstrong,	  2007).	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Whether	  translocated	  individuals	  will	   take	  to	  uncolonised	  habitat	   is	  dependent	  on	  life	  history	  traits	  
and	  the	  founding	  population	  size	  (Griffith	  et	  al.,	  1989;	  Veltman	  et	  al.,	  1996).	  For	  example,	  the	   little	  
spotted	  kiwi	  (A.	  owenii)	  was	  saved	  from	  certain	  extinction	  by	  translocating	  five	   individuals	  to	  Kapiti	  
Island	   in	   1912	   (Ramstad	   et	   al.,	   2013).	   Inevitably	   when	   a	   population	   has	   reached	   such	   lows,	   the	  
species	   passes	   through	   a	   genetic	   bottleneck,	   and	   in	   the	   case	   of	   the	   little	   spotted	   kiwi	   there	   is	  
especially	   low	   genetic	   variation	   between	   newly	   established	   populations	   by	   further	   translocation	  
(Ramstad	   et	   al.,	   2013).	   Conservation	   management	   is	   often	   crisis	   management	   but	   with	   further	  
research	  into	  minimum	  viable	  and	  stable	  populations,	  it	  may	  be	  possible	  to	  avert	  serious	  bottleneck	  
effects	  in	  the	  future.	  
In	  addition	  to	  understanding	  species	  biology,	  having	  a	  good	  foundation	  around	  handling	  techniques	  
and	   the	   role	   that	   predators	   play	   in	   the	   success	   or	   failure	   of	   such	   projects	  will	   help	   inform	   future	  
translocation	  practices.	  Previous	  failures	  have	  been	  attributed	  to	  too	  small	  a	  founder	  group,	  predator	  
load	  in	  the	  new	  territory,	  a	  lack	  of	  management	  (Miskelly	  &	  Powlesland,	  2013)	  and	  stress	  caused	  by	  
the	   translocation	   process	   (Dickens	   et	   al.,	   2009;	   Stamps	   &	   Swaisgood,	   2007;	   Teixeira	   et	   al.,	   2007).	  
Stressors	  include	  the	  capture,	  examination,	  transport,	  release	  and	  adaptation	  to	  novel	  environments	  
(Teixeira	   et	   al.,	   2007)	   and	   as	   each	   stressor	   is	   cumulative,	   this	   increases	   the	   stress	   hormone	   levels	  
accordingly	   (Dickens	  et	  al.,	  2009).	   Stress	   can	  manifest	   itself	   in	  a	  variety	  of	  ways	   including	  affecting	  
foraging	  behaviour,	  decision	  making	  (Teixeira	  et	  al.,	  2007)	  and	  can	  trigger	  immediate	  dispersal	  from	  
the	   recipient	   site	   (Stamps	  &	   Swaisgood,	   2007).	   In	   some	   circumstances,	   dispersal	   can	   be	   seen	   as	   a	  
rejection	   of	   the	   novel	   habitat,	   although	   we	   would	   expect	   this	   dispersal	   to	   be	   lessened	   in	   places	  
where	  the	  source	  and	  recipient	  site	  habitats	  are	  similar	  (Stamps	  &	  Swaisgood,	  2007).	  
The	   first	   documented	   GSK	   translocation	   dates	   to	   1915	   with	   a	   founding	   population	   from	   Nelson,	  
moved	  to	  Little	  Barrier	  Island	  in	  the	  north	  (McLennan,	  2006).	  Ultimately	  this	  transfer	  failed	  due	  to	  a	  
lack	  of	  knowledge	  of	   the	  bird	   requirements	  and	   this	  outlines	   the	   importance	  of	   future	  and	   further	  
ongoing	  studies	  for	  this	  species.	  The	  first	  successful	  wild-­‐to-­‐wild	  translocation	  trial	  of	  GSK	  happened	  
in	  May	  2004	  with	  the	  transfer	  of	  nine	  adult	  birds	   into	  the	  Rotoiti	  area.	  Other	  translocations	  of	  GSK	  
include	  into	  the	  Flora	  Stream	  in	  northwest	  Nelson	  by	  the	  Friends	  of	  Flora	  group.	  
Relevant	   issues	   with	   translocations	   for	   GSK	   are	   included	   in	   a	   report	   by	   Gasson	   (2005).	   There	   is	   a	  
reference	  to	  artificial	  pairs	  translocated	  into	  the	  same	  territory	  failing	  to	  form	  bonds	  and	  dispersing	  
further	  from	  the	  release	  site	  than	  established	  pairs.	  Of	  the	  established	  pairs	  translocated	  to	  Rotoiti,	  
one	   pair	   divorced	   on	   settlement	   but	   then	   reunited	   a	   year	   later	   (Gasson,	   2005).	   The	   author	   also	  
postulated	  that	  the	  kiwi	  might	  prefer	  to	  live	  in	  areas	  where	  they	  can	  hear	  other	  kiwi	  calling,	  a	  process	  
called	   acoustic	   anchoring	   (Gasson,	   2005).	   Furthermore,	   GSK	   also	   do	   not	   tolerate	   nest	   disturbance	  
during	   incubation	   and	   are	  more	   likely	   to	   abandon	   the	   nest	   entirely	   (Gasson,	   2005).	   Therefore	   any	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monitoring	   after	   translocation	   for	   breeding	   success	   is	   reliant	   on	   the	   activity	   data	   from	   the	  
transmitters	  attached	  to	  the	  adult	  birds.	  	  
There	   is	   an	   increasing	   trend	   towards	   community	   groups	   leading	   the	   funding	   and	   planning	   of	   such	  
restoration	  projects	  (Cromarty	  &	  Alderson,	  2013;	  Miskelly	  &	  Powlesland,	  2013)	  and	  this	  is	  seen	  in	  this	  
proposed	  GSK	  translocation	  in	  conjunction	  with	  the	  Nina	  Valley	  Restoration	  Group	  (hereafter	  NVRG).	  
Additionally,	   there	   is	  a	  general	  move	  towards	  translocations	   into	  managed	  mainland	   islands.	  These	  
are	  areas	  already	  under	  extensive	  and/or	  intensive	  predator	  control.	  
This	   study	   focused	   on	   a	   wild-­‐to-­‐wild	   translocation	   of	   GSK	   from	   the	   Hawdon	   Valley	   (Arthurs	   Pass	  
National	   Park)	   to	   the	  Nina	  Valley	   (Lake	   Sumner	   Forest	  Park)	   in	   the	  autumn	  of	   2015.	   Three	   to	   four	  
years	  prior,	  ten	  ONE	  kiwi	  had	  been	  translocated	  to	  the	  Nina	  Valley	  and	  the	  wild-­‐to-­‐wild	  translocation	  
is	   an	   attempt	   to	   bolster	   this	   GSK	   population	   to	   viability	   within	   the	   historical	   range.	   Further	  
translocations	  are	  likely	  with	  increasing	  predator	  control	  management.	  Therefore,	  this	  study	  focused	  
on	   the	   interactions	   between	   both	   kiwi	   groups	   and	   the	   short-­‐term	   outcomes	   of	   the	   newly	  
translocated	   wild	   adults.	   This	   included	   determining	   the	   home	   range,	   dispersal	   and	   activity	   level	  
changes	   from	  the	  pre	   translocation	   state	   to	   the	  post	   translocation	   state	   for	   the	   resident	  ONE	  sub-­‐
adults/adults	  and	  the	  transferred	  adults,	  while	  also	  determining	  whether	  existing	  pair	  bonds	  survive	  
the	  translocation	  process.	  The	  main	  aim	  of	  this	  study	  is	  to	  help	  inform	  future	  translocation	  practices	  
and	  procedures	  by	  increasing	  our	  understanding	  of	  the	  behaviours	  displayed	  by	  different	  kiwi	  groups	  
within	  a	  newly	  formed	  population.	  
	  
	  
1.4 Objectives	  
	  
OBJECTIVE	  ONE:	  To	  investigate	  whether	  there	  is	  an	  increase	  or	  decrease	  in	  activity	  post	  translocation	  
in	  the	  translocated	  Hawdon	  individuals	  or	  the	  resident	  Nina	  ONE	  kiwi.	  
OBJECTIVE	   TWO:	   To	   determine	   the	   dispersal	   distance	   from	   the	   release	   site	   post-­‐release	   of	   the	  
translocated	  Hawdon	  GSK.	  
OBJECTIVE	   THREE:	   To	   explore	  whether	   translocated	   Hawdon	   individuals	   and	   pairs	   establish	   stable	  
territories	  post	  translocation,	  the	  size	  of	  these	  established	  territories	  and	  whether	  the	  Nina	  ONE	  kiwi	  
have	  a	  significant	  change	  in	  home	  range	  post	  translocation.	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OBJECTIVE	   FOUR:	   To	   determine	   if	   established	   pair-­‐bonds	   that	   exist	   pre	   translocation	   survive	   post	  
translocation.	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Chapter	  2	  	  
General	  methods	  
2.1 Study	  area	  
The	  research	  project	  encompassed	  two	  sites	  within	  the	  boundaries	  of	  great	  spotted	  kiwi	  populations	  
in	  the	  northwest	  region	  of	  the	  South	  Island	  of	  New	  Zealand.	  
	  
Figure	  3:	  Map	  of	  the	  upper	  South	  Island	  of	  New	  Zealand	  
2.1.1 Hawdon	  Valley,	  Arthur’s	  Pass	  National	  Park	  
The	  source	  site	  for	  the	  translocated	  birds	   in	  this	  study	  is	  the	  Hawdon	  Valley	   located	  in	  the	  Arthur’s	  
Pass	  National	  Park.	  The	  valley	  encompasses	  approximately	  5800	  ha	  with	  an	  altitudinal	  range	  of	  556	  –	  
1600	   m	   a.s.l..	   The	   study	   site’s	   lower	   reaches	   are	   riverbed	   terraces	   of	   a	   braided	   river	   system.	   A	  
significant	   proportion	   of	   the	   site	   is	   dominated	   by	   stretches	   of	   southern	   beech	   forest	   (Nothofagus	  
spp.),	  comprising	  of	  mainly	  mountain	  beech	  (N.	  solandri	  var.	  cliffortioides),	  and	  red	  beech	  (N.	  fusca),	  
and	   the	   upper	   reaches	   are	   alpine	   shrubs	   and	   tussocks.	   The	   valley	   is	   intensively	   managed	   with	  
Sourced from the LINZ Data Service and licensed for re-use
under the Creative Commons Attribution 3.0 New Zealand
licence.
Legend
Nina Valley, Lake Sumner Forest Park
Hawdon Valley, Arthur's Pass National Park
0 20 4010 Kilometers
	   18	  
predator	   control	   measures	   by	   the	   Department	   of	   Conservation.	   These	   control	   measures	   include	  
regular	   and	   monitored	   1080	   drops	   for	   possums	   and	   a	   DOC150/200	   trap	   network	   for	   rats	   and	  
mustelids.	  	  
2.1.2 GSK	  history	  in	  the	  Hawdon	  Valley	  
The	  kiwi	  within	  this	  valley	  are	  part	  of	  a	  remnant	  population	  of	  wild	  birds.	  In	  the	  six	  months	  preceding	  
translocation,	   14	   adult	   birds	   had	   functioning,	   previously	   attached,	   transmitters.	   One	   bird	   died	   in	  
January	  2015.	  As	  at	  the	  date	  of	  translocation,	  a	  further	  four	  birds	  had	  their	  transmitters	  removed	  and	  
an	   additional	   bird	   was	   not	   captured	   before	   the	   battery	   ceased.	   The	   remaining	   eight	   birds	   were	  
captured,	  fitted	  with	  new	  transmitters	  and	  translocated	  to	  the	  recipient	  site.	  
2.1.3 Nina	  Valley,	  Lake	  Sumner	  Forest	  Park	  
The	  recipient	  site	  is	  the	  Nina	  Valley,	  located	  in	  the	  Lake	  Sumner	  Forest	  Park.	  The	  Nina	  Valley	  is	  a	  3800	  
ha	  block	  under	  public	  ownership	  (Yong,	  2014)	  and	  sits	  at	  an	  altitudinal	  elevation	  of	  620m	  –	  1300	  m	  
a.s.l.	  (Yong,	  2014).	  It	  is	  a	  narrow	  linear	  valley	  with	  steep	  forested	  sides,	  primarily	  indigenous	  montane	  
beech	   forest	   comprising	   of	   mix	   of	   red	   beech	   (Nothofagus	   fusca),	   silver	   beech	   (N.	   menziesii)	   and	  
mountain	   beech	   (N.	   solandri	   var.	   cliffortioides)	  with	   alpine	   scrub	   and	   tussock	   vegetation	   at	   higher	  
elevations.	  The	  lower	  reach	  of	  the	  valley	  is	  bound	  by	  State	  Highway	  7,	  the	  Lewis	  River	  and	  a	  section	  
of	  the	  Opera	  Range.	  This	  site	  is	  within	  the	  current	  GSK	  range	  and	  has	  a	  similar	  vegetation	  profile	  to	  
the	  translocation	  source	  site	  (Yong,	  2014).	  Predator	  control	  in	  the	  Nina	  is	  almost	  wholly	  administered	  
by	  the	  NVRG	  and	  is	  comprised	  of	  a	  network	  of	  DOC200	  traps	  along	  either	  side	  of	  the	  Nina	  River	  on	  
the	  valley	  floor.	  The	  trapping	  lines	  run	  along	  the	  established	  tramping	  tracks	  and	  do	  not	  substantially	  
enter	  the	  bush.	  Possum	  control	   is	   limited	  to	  <20	  self-­‐resetting	  A12	  possum	  traps	  (Yong,	  2014).	   It	   is	  
hoped	  that	  the	  valley	  will	  be	  included	  in	  the	  Te	  Maruia	  1080	  drop	  following	  future	  significant	  beech	  
mast	  events.	  
2.1.4 GSK	  history	  in	  the	  Nina	  Valley	  
Although	  the	  Nina	  Valley	  is	  considered	  part	  of	  the	  historical	  range	  of	  GSK,	  prior	  to	  2011	  there	  would	  
have	  been	   few	   if	   any,	   present.	   From	  2011	   to	  2013	   ten	  Operation	  Nest	   Egg	   (ONE)	  birds	  over	   three	  
releases	   were	   introduced	   to	   the	   Nina	   site	   with	   the	   expectation	   of	   establishing	   a	   self-­‐sustaining	  
population	   in	  the	  future	  via	  wild-­‐to-­‐wild	  translocations.	  As	  of	  the	  beginning	  of	  this	  study,	   five	  birds	  
had	   functioning	   transmitters	   that	   were	   replaced	   in	   association	   with	   the	   translocation.	   As	   at	   the	  
beginning	   of	   this	   study,	   the	   ONE	   birds	   are	   on	   the	   cusp	   between	   sub-­‐adult	   and	   adult.	   GSK	   are	  	  
considered	  adults	  from	  4.5	  years	  and	  older	  or	  when	  they	  begin	  to	  breed	  (Robertson	  et	  al.,	  2003).	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2.2 Translocation	  
Data	  collection	  for	  this	  study	  focused	  on	  a	  W2W	  translocation	  of	  adult	  GSK	  from	  the	  Hawdon	  Valley	  
to	   the	  Nina	  Valley	   in	  2015.	  DoC	  conducted	   the	   translocation	   in	   two	  stages.	  The	   first	   six	  birds	  were	  
caught	  in	  the	  Hawdon	  Valley	  on	  the	  15th	  April	  2015	  and	  released	  in	  the	  Nina	  on	  the	  16th	  April	  2015.	  
The	  remaining	  two	  birds	  were	  captured	  on	  the	  22nd	  April	  2015	  and	  released	  into	  the	  Nina	  on	  the	  23rd	  
April	  2015.	  All	  the	  birds	  were	  paired	  as	  indicated	  in	  Table	  5	  below:	  
Table	  5:	  Hawdon	  translocated	  birds	  and	  pairings	  with	  release	  dates	  into	  the	  Nina	  Valley	  
	  
Hawdon	  Bird	   Pairing	   Date	  released	  into	  Nina	  
Bonnie	   Paired	   16/04/15	  
Clyde	   16/04/15	  
Herb	   Paired	   16/04/15	  
Spice	   16/04/15	  
Yogi	   Paired	   16/04/15	  
Booboo	   16/04/15	  
Rangi	   Paired	   23/04/15	  
Pongo	   23/04/15	  
	  
At	  the	  source	  site,	  all	  birds	  were	  tracked	  to	  their	  daytime	  roosting	  positions	  using	  a	  combination	  of	  
radio-­‐tracked	   triangulation	   and	   the	   spiraling	  method	   as	   detailed	   in	   Neill	   and	   Jansen	   (2014).	   Once	  
their	   location	   was	   ascertained,	   DoC	   certified	   kiwi	   handlers	   caught	   them	   by	   hand	   as	   detailed	   in	  
Robertson	   et	   al.	   (2003).	   They	  were	   then	   transported	   in	   transfer	   boxes	   by	   road	   to	   the	  Nina	   Valley	  
entrance	  after	  overnighting	  back	  at	  the	  DoC	  Rangiora	  base.	  From	  the	  Nina	  Valley	  entrance	  on	  State	  
Highway	  7,	  they	  were	  helicoptered	  to	  their	  release	  sites.	  On	  release,	  Rangi	  and	  Pongo	  were	  released	  
together	  in	  a	  large	  burrow,	  while	  the	  remaining	  pairs	  were	  individually	  housed	  in	  separate	  burrows	  
but	   in	  close	  proximity	   to	   the	   respective	  pair	  bonded	  mate.	  All	  burrows	  were	   lightly	   covered	  at	   the	  
time	  of	  release	  and	  then	  uncovered	  at	  dusk.	  Rangi	  and	  Pongo	  were	  released	  on	  the	  true	  left	  of	  the	  
Nina	  River,	  while	  the	  remaining	  pairs	  were	  released	  on	  the	  true	  right.	  
	  
2.3 Transmitters	  
Two	  types	  of	  leg-­‐mounted	  transmitters	  were	  commonly	  used	  in	  the	  Hawdon	  Valley:	  the	  TX	  GSK	  V2.0	  
Diagnostic	   transmitter	   (Wildtech,	   New	   Zealand)	   and	   the	   North	   Island	   Brown	   (NIB)	   Kiwi	   Egg	   Timer	  
transmitter	  (Wildtech,	  New	  Zealand).	  The	  Nina	  Valley	  birds	  were	  monitored	  with	  only	  the	  diagnostic	  
TX	  GSK	  V2.0	  transmitters.	  Transmitters	   like	  the	  diagnostic	  GSK	  and	  the	  NIB	  egg	  timer	  allow	  remote	  
data	   collection	   for	  behaviours	   such	  as	   incubation	   (Cunningham	  &	  Castro,	  2011).	  The	  differences	   in	  
the	  functionality	  of	  these	  transmitters	  relate	  to	  the	  nature	  of	  information	  sent	  (as	  described	  below	  in	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“Activity	  Data	  Collection”)	  and	  both	  have	  equal	  detectability	  via	   radio	   telemetry.	  All	   target	  birds	   in	  
the	  Nina	  and	  Hawdon	  had	  leg	  mounted	  GSK	  2.0	  diagnostic	  transmitters	  attached	  and	  maintained	  by	  
the	   Department	   of	   Conservation,	   with	   the	   notable	   exception	   of	   the	   bird	   “Yogi”	   who	   for	   the	  
2014/2015	  breeding	  year	  had	  an	  NIB	  egg-­‐timer.	  Only	  data	  gathered	  from	  the	  TX	  GSK	  V2.0	  Diagnostic	  
transmitters	  were	   compatible	  with	   analysis	   as	   outlined	   in	   the	   section	   “Activity	   data	   collection”.	   In	  
addition	  to	  the	  collection	  of	  recent	  activity	  data	  during	  the	  tenure	  of	  my	  field	  collection	  period,	  DoC	  
provided	  historical	  activity	  data	  collected	  in	  both	  study	  sites	  dating	  back	  to	  the	  2010/2011	  breeding	  
year.	  These	  data	  sets	  were	  gathered	  by	  a	  variety	  of	  operators	  using	  similar	  equipment	  to	  that	  used	  in	  
the	  2015	  season.	  
The	  detection	  of	  transmitter	  signals	  was	  completed	  using	  the	  TR4	  radio	  receiver	  (Telonics,	  Arizona)	  
or	   the	   Sirtrack	  Ultra	   160-­‐168	  MHZ	   receiver	   (Sirtrack,	   New	   Zealand)	   in	   conjunction	  with	   the	   three-­‐
element	   Yagi	   hand-­‐held	   aerial	   (Sirtrack,	   New	   Zealand).	   Bearings	   were	   taken	   using	   a	   Suunto	  MC-­‐2	  
compass	   (Suunto,	  Finland)	  and	  GPS	  positions	  were	   logged	  using	   the	  Garmin	  GPSMAPS	  64	   (Garmin,	  
Switzerland).	  
Radio	   telemetry	   data	   was	   collected	   during	   daylight	   hours	   beginning	   in	   January	   2015	   until	   the	  
translocation	   in	   April	   2015	   in	   both	   study	   sites	   and	   then	   in	   the	   Nina	   Valley	   from	   April	   2015	   to	  
December	  2015.	  Data	  was	  collected	  primarily	  by	  the	  author,	  Peter	  Jahn,	  Laura	  Molles	  with	  support	  
from	   field	   assistants	   (where	   one	   was	   available)	   and	   an	   external	   contractor.	   The	   activity	   audible	  
sequence	  was	  handwritten	  in	  the	  field	  and	  transcribed	  onto	  the	  DoC	  database	  for	  further	  analysis.	  	  
There	  are	   known	  adverse	  effects	  of	   radio	   tagging	   individuals.	   These	   can	   include	   stress	  on	   capture,	  
and	  incorrect	  or	  physical	  failure	  of	  the	  transmitter	  (TX)	  unit	  or	  attachment	  (White	  &	  Garrott,	  1990).	  
Having	  DoC	  certified	  practitioners	  handling	  and	  fitting	  the	  birds	  with	  TX	  devices	  minimized	  the	  risk	  of	  
adverse	  effects.	  We	  are	  unable,	  at	  present,	   to	  control	   for	  non-­‐transmitter	  behaviour	  (Millspaugh	  &	  
Marzluff,	   2001;	  White	  &	  Garrott,	   1990)	   so	  potential	   inference	  on	  behaviour	   should	  be	   considered.	  
Proximity	  to	  an	  animal	  during	  triangulation	  can	  change	  their	  behaviour	   (Metzler,	  2011),	  as	  most	  of	  
our	  points	  are	  taken	  from	  across	  the	  valley,	  this	  was	  minimized.	  
	  
2.4 Activity	  data	  collection	  
Activity	   of	   a	   bird	   is	  measured	   by	   how	  many	  minutes	   in	   a	   day	   the	   target	   has	  moved	   in	   a	   24	   hour	  
period.	   GSK	   2.0	   diagnostic	   transmitters	   emit	   a	   pulse	   at	   varying	   intervals.	   These	   pulses	   contain	   16	  
discrete	  pockets	  of	  data	  giving	  us	  key	  information	  such	  as	  battery	  life,	  twitch	  data	  and	  the	  amount	  of	  
activity	   (in	   minutes)	   over	   multiple	   24-­‐hour	   periods	   in	   the	   preceding	   two	   weeks.	   Activity	   data	   is	  
primarily	  used	   to	  detect	  and	  monitor	   incubation	  activity	  by	  GSK;	  activity	   levels	  drop	  of	  both	  males	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and	  females	  when	  incubation	  is	  initiated,	  and	  remain	  low	  until	  the	  breeding	  attempt	  fails	  or	  the	  chick	  
hatches	  (Sandy	  Yong	  from	  DoC,	  pers	  comms,	  2015).	  In	  addition	  to	  the	  activity	  data,	  there	  is	  a	  period	  
of	  “holding	  pulses”	  that	  are	  delivered	  at	  a	  rate	  of	  40	  beats	  per	  minute	  to	  indicate	  a	  living	  animal,	  and	  
80	   beats	   per	   minute	   that	   would	   indicate	   mortality	   or	   a	   dropped	   transmitter.	   These	   pulses	   are	  
converted	  using	  the	  method	  in	  Figure	  4.	  
	  
Figure	  4:	  How	  to	  read	  activity	  data	  from	  a	  GSK	  2.0	  Diagnostic	  transmitter	  	  
The	   NIB	   egg	   timers	   emit	   a	   pulse	   in	   a	   similar	   manner	   to	   the	   GSK	   2.0	   Diagnostic	   and	   contain	   two	  
discrete	  sets	  of	  information	  along	  with	  a	  background	  holding	  pulse	  rate.	  	  The	  pulse	  rates	  are	  30	  for	  
normal	  activity,	  48	   for	   incubating	  behaviour	  and	  60	   indicating	  mortality	  or	   transmitter	  dropped.	  Of	  
the	  discrete	  data	  sets,	  one	  parcel	  indicates	  how	  many	  days	  since	  the	  last	  ‘state’	  change.	  For	  example,	  
at	   the	  date	  of	  recording,	  a	  bird	  has	  a	  background	  pulse	   indicating	   incubation.	  A	  state	  change	  of	  35	  
days	   means	   that	   it	   has	   been	   35	   days	   since	   the	   bird	   started	   incubating.	   The	   remaining	   parcel	   of	  
information	  relates	  to	  battery	  life,	  again	  similar	  to	  the	  GSK	  2.0	  Diagnostic	  transmitters.	  
The	  NIB	   egg	   timer	   data	   is	   incompatible	  with	   the	  method	  of	   activity	   analysis	   used	   in	   this	   research,	  
therefore	  only	  information	  obtained	  from	  the	  GSK	  2.0	  Diagnostics	  is	  included	  in	  activity	  analyses.	  
	  
2.5 Approximation	  of	  GSK	  locations	  via	  remote	  direction	  finding	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This	  single	  bearing	  procedure	  was	  repeated	  along	  the	   linear	  valley	  targeting	  a	  change	   in	  bearing	  of	  
greater	   than	  90o	  with	  a	  minimum	  of	  3	  bearings.	  90o	  difference	   in	   the	  outer	  bearings	   is	   considered	  
ideal	   for	   more	   accurate	   triangulation	   (Kenard,	   2001;	   Keye,	   2008).	   According	   to	   Neill	   and	   Jansen	  
(2014),	   it	   is	  suggested	  that	  3-­‐5	  bearings	  are	  best	  for	  triangulation	  and	  a	  spread	  of	  60-­‐90o	  would	  be	  
sufficient	   for	   a	   location	   fix.	   To	   reduce	   the	   errors	   incurred	   with	   triangulation	   and	   increase	   the	  
confidence	   of	   the	   results,	   the	   number	   of	   bearings	   taken	   were	   increased	   to	   more	   than	   5.	   These	  
multiple	  bearings	  were	  taken	  at	  regular	  intervals	  to	  obtain	  varying	  angles	  and	  minimize	  the	  likelihood	  
of	  losing	  the	  signal	  due	  to	  natural	  topographical	  barriers.	  
Night	  time	  triangulation	  uses	  a	  dual	  bearing	  method	  in	  which	  two	  people	  at	  different	  locations	  along	  
the	   valley	   take	   regular	   bearings	   to	   track	   the	   movement	   of	   animals	   as	   a	   function	   of	   time.	   The	  
intercept	   represents	   the	   approximate	   location	   of	   the	   tagged	   individual.	   While	   night	   time	  
triangulation	  would	  have	  been	  informative	  regarding	  the	  GSK	  home	  range	  and	  habitat	  utilization,	   it	  
was	   deemed	   unsafe	   to	   do	   any	   significant	   study	   in	   this	   manner	   due	   to	   the	   remote	   location,	   the	  
density	   of	   the	   forest	   and	   the	   variability	   of	   the	   terrain	   in	   the	   Nina	   Valley	   site.	   In	   addition	   to	   the	  
physical	  health	  and	  safety	   issues,	  there	  was	  insufficient	   line	  of	  sight	   in	  some	  areas	  to	  communicate	  
using	  2-­‐way	  radio.	  Therefore	   this	   research	  has	  relied	  on	  daytime	  denning	  positions	  using	   the	  more	  
accurate	  multi-­‐bearing	  method	  to	  infer	  home	  range.	  	  
Autocorrelation	  is	  a	  risk	  in	  a	  study	  where	  the	  location	  fixes	  are	  important	  in	  deciding	  habitat	  usage.	  
Serial	  autocorrelation	  can	  occur	  when	  too	  many	  of	  the	  location	  points	  are	  taken	  at	  temporally	  close	  
intervals	  that	  interfere	  with	  the	  independence	  of	  each	  point.	  As	  this	  study	  was	  conducted	  over	  a	  6	  -­‐	  8	  
month	   period,	   the	   likelihood	   of	   autocorrelation	   is	   diminished.	   However,	   this	   researcher	   concedes	  
that	  some	  of	  the	  points	  were	  taken	  on	  consecutive	  days	  to	  help	  increase	  the	  location	  fixes.	  This	  was	  
necessary	  due	  to	  the	  isolated	  nature	  of	  the	  site	  and	  season.	  	  
2.5.2 Potential	  errors	  in	  point-­‐bearing	  data	  
Triangulation	  is	  inherently	  error	  ridden	  in	  most	  real-­‐world	  applications	  due	  to	  many	  variables	  coming	  
into	  play.	  Errors	  can	  occur	  from	  terrain	  (depressions	   in	  topography),	  equipment,	  weather,	  observer	  
skill,	   electromagnetic	   interference	   (Millspaugh	   &	   Marzluff,	   2001)	   and	   dense	   vegetation	   (White	   &	  
Garrott,	  1990).	  Common	  errors	  can	  come	  from	  a	  bounced	  or	  reflected	  signal	  (Millspaugh	  &	  Marzluff,	  
2001;	  Neill	  &	  Jansen,	  2014).	  A	  signal	  bounce	  from	  steep	  terrain	  and/or	  dense	  vegetation	  will	  increase	  
location	   error	   (Millspaugh	   &	   Marzluff,	   2001;	   Neill	   &	   Jansen,	   2014).	   Furthermore,	   topographical	  
features	  can	  refract	  a	  signal,	  which	  means	  that	  the	  signal	   is	  spread	  out	  over	  a	   larger	  area	  reducing	  
the	  precision	  of	  the	  bearing	  data	  (Millspaugh	  &	  Marzluff,	  2001).	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Other	   errors	   can	   be	   found	   at	   the	   source	   of	   the	   transmitter.	   The	   physical	   orientation	   of	   the	  
transmitter	   can	   interfere	  with	   the	   likelihood	  of	   receiving	  a	   signal	   (Millspaugh	  &	  Marzluff,	  2001);	   in	  
this	  case	   it	  may	  be	  necessary	  to	  tilt	  the	  aerial	  90o	  due	  to	  the	  polarized	  nature	  of	  the	  signal	  (Neill	  &	  
Jansen,	  2014).	  Some	  error	  could	  also	  exist	  in	  instances	  where	  the	  birds	  has	  moved	  from	  the	  roosting	  
burrow	  between	  bearings	  (Kenard,	  2001).	  As	  I	  was	  not	  homing	  in	  on	  the	  birds	  to	  be	  sure	  of	  location,	  
a	   proxy	   for	   movement	   was	   considered	   when	   activity	   data	   was	   taken	   as	   it	   contained	   information	  
regarding	  very	  recent	  activity.	  	  
Triangulation	  works	  with	   the	   assumption	   that	   the	   transmitter	   is	   located	   in	   terrain	   that	   is	   clear	   of	  
obstacles	   and	   uniformly	   flat.	   	   The	   valley	   topography	   of	   each	   site	   in	   this	   study	   is	   both	   uneven	   and	  
steep	  and	   therefore	  warrants	   the	  multi-­‐bearing	  approach	   to	  minimize	   the	  errors	  associated	  with	  a	  
reflected	  or	   refracted	   signal.	   The	   radio	  VHF	   frequencies	  behave	  according	   to	  wave	   theory	  and	  will	  
respond	  to	  physical	  barriers	  by	  either	  bending	  around	  them,	  reflecting	  off	  them	  or	  refracting	   if	   the	  
atmospheric	  conditions	  differ	  (Millspaugh	  &	  Marzluff,	  2001).	  	  I	  used	  results	  of	  beacon	  tests	  from	  two	  
different	  GSK	  studies	  to	  estimate	  triangulation	  error	  as	  seen	   in	  Table	  6.	  Both	  of	  these	  studies	  were	  
conducted	  in	  very	  similar	  terrain	  to	  that	  present	   in	  both	  the	  Hawdon	  and	  Nina	  Valleys.	  Jahn	  (2012)	  
conducted	   beacon	   tests	   on	   both	   gentle	   and	   steep	   gradients	   in	   the	   Lake	   Rotoiti	   area,	   while	   Keye	  
(2008)	  conducted	  numerous	  tests	  in	  the	  course	  of	  homing	  in	  within	  the	  North	  Branch	  Hurunui.	  The	  
beacon	  tests	  conducted	  by	  Peter	  Jahn	  have	  particular	  relevance,	  as	  he	  was	  one	  of	  the	  data	  collectors	  
for	  this	  study.	  
Table	  6:	  Summary	  table	  of	  beacon	  tests	  using	  Keye	  (2008)	  and	  Jahn	  (2012)	  (Mean	  of	  studies	  shown)	  
Study	   n	   Mean	  error	  (m)	   SD	  (m)	   SE	  (m)	  
Jahn	  (2012)	  
Gentle	  Slope	  
Steep	  Slope	  
	  
6	  
6	  
	  
16.9	  
19.82	  
	  
12.04	  
4.65	  
	  
4.92	  
1.9	  
Keye	  (2008)	   42	   30.8	   21.1	   3.25	  
Both	  Studies	   54	   22.51	   12.60	   3.36	  
	  
Over	  both	  studies	  the	  mean	  location	  error	  was	  22.51m	  ±	  3.36m.	  
Signal	  strength	  was	  also	  recorded,	  so	  that	  it	  could	  be	  referred	  to,	  if	  needed,	  to	  resolve	  discrepancies	  
between	   multiple	   point-­‐bearing	   records.	   A	   weak	   signal	   could	   indicate	   that	   the	   signal	   has	   been	  
reflected	   or	   refracted	   around	   the	   uneven	   or	   broken	   terrain	   and	   therefore	   reduced	   in	   precision	  
(Millspaugh	  &	  Marzluff,	  2001;	  Neill	  &	  Jansen,	  2014).	  A	  strong	  signal	  is	  often	  (but	  not	  always)	  a	  sign	  of	  
good	   “line-­‐of-­‐sight”.	   Signal	   strength	   was	   systematically	   categorised	   through	   a	   subjective	   strength	  
rating	  scale:	  very	  weak,	  weak,	  medium	  weak,	  medium,	  medium	  strong,	  strong	  and	  very	  strong.	  Noise	  
and	  clutter	  on	  radio	  frequencies	  matching	  the	  study	  birds	  was	  occasionally	  heard	  in	  the	  field.	  These	  
bearings	  were	  still	  included	  but	  it	  was	  noted	  that	  the	  signal	  was	  weak	  with	  background	  noise.	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It	  was	   observed	   that	   bearings	   had	   less	   common	   ground	  of	   convergence	   (reduced	   accuracy)	   in	   the	  
event	  of	  snow	  cover	  or	  during	  heavy	  hoar	  frosts.	  Further	  research	  would	  be	  required	  to	  see	  if	  there	  
was	  great	  likelihood	  of	  reflection	  of	  signals	  from	  such	  surfaces.	  
2.5.3 Calculation	  of	  approximate	  bird	  locations	  
To	  convert	  the	  point-­‐bearing	  data	   into	  a	   location	  for	  each	  individual,	   I	  used	  the	  shareware	  package	  
Locate	  III	  version	  3.34	  (Pacer	  Computer	  Software,	  Nova	  Scotia	  Canada).	  
All	  bearing	  data	  was	  corrected	   for	  magnetic	  declination	  at	   the	  point	  of	   transcription	   into	   the	  main	  
database.	  Locate	   III	  uses	  both	  the	  GPS	  co-­‐ordinates	  of	  each	  bearing	  origin	  and	  the	  bearing	   itself	   to	  
plot	   the	   convergence.	   Each	   corrected	   bearing	   and	   associated	   pinpoint	   location	   was	   loaded	   into	  
Locate	   III	   for	   each	  bird	   and	  using	   95%	   confidence	  ellipses,	   the	   software	  produced	  a	   “best	   fit”	  GPS	  
coordinate	  for	  the	  location	  of	  the	  bird.	  I	  acknowledge	  that	  some	  bias	  can	  exist	  when	  some	  bearings	  
need	   to	   be	   discarded	   from	   the	   analysis	   (Kenard,	   2001),	   so	   for	   the	   purposes	   of	   this	   research,	   only	  
extremely	  obvious	  anomalies	  were	  removed	  and	  I	  allowed	  the	  Locate	  III	  programme	  to	  calculate	  the	  
likelihood	  of	  presence.	  
Naturally	  there	  will	  be	  some	  error	  attributed	  to	  each	  bearing.	  This	  is	  accounted	  for	  in	  the	  calculation	  
of	   “best-­‐fit”	   in	   the	   software.	  Occasionally	   the	  bearings	   had	   little	   or	   no	   convergence	   and	   therefore	  
these	  were	  discarded.	  Each	  GPS	  point	  obtained	  varied	  in	  reliability,	  therefore	  a	  quality	  rating	  system	  
was	   devised	   by	   the	   researcher	   to	   systematically	   catagorise	   the	   weighing	   of	   the	   result	   in	   future	  
analysis.	  Therefore	  each	  GPS	  result	  was	  assigned	  a	  quality	  rating	  of	  between	  1	  and	  3	  as	  seen	  in	  Table	  
7.	  
Table	  7:	  Descriptive	  quality	  rating	  system	  	  
Quality	  rating	   Description	  
1	   Poor	   quality	   data.	   Including:	   low	   convergence	   of	   bearing,	   extremely	  
weak	   signal	   strength,	   likely	   reflection	  of	   signal,	  only	  3	  points	   to	  obtain	  
GPS	  coordinate.	  
2	   Medium	  quality	  data.	   Including:	  all	  other	   triangulated	  data	  not	  already	  
assigned	   with	   a	   quality	   rating	   of	   one	   or	   excluded	   from	   analysis.	   4	   +	  
points	  and	  average	  to	  high	  convergence.	  
3	   Best	  quality	  data.	  This	  was	  used	  for	  GPS	  co-­‐ordinates	  obtained	  from	  DoC	  
where	  the	  bird	  is	  either	  sighted	  and/or	  captured	  and	  the	  exact	  location	  
can	  be	  identified.	  
	  
In	   conjunction	   with	   the	   triangulated	   data	   obtained	   during	   the	   fieldwork	   for	   this	   study,	   additional	  
location	  and	  bird	  history	  data	  were	  provided	  by	  the	  Department	  of	  Conservation.	  Data	  used	   in	  this	  
study	   included	   geographic	   coordinates	   of	   capture	   locations	   (recorded	   during	   transmitter	   changes)	  
and	   nest	   burrow	   locations.	   These	   databases	   were	   also	   invaluable	   repositories	   of	   historical	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information	  of	  each	  kiwi	  in	  this	  study,	  including	  but	  not	  limited	  to,	  the	  reasons	  for	  capture/release,	  
biological	  information	  incorporating	  gender	  and	  swab	  results,	  and	  known	  incubation	  attempts.	  
All	  electronic	  data	  was	  backed	  up	  after	  each	  trip	  to	  both	  an	  onsite	  external	  hard	  drive	  and	  internet-­‐
based	  cloud	  storage.	  
	  
2.6 Ethics	  
This	  project	  was	  conducted	  in	  conjunction	  with	  DoC	  under	  DoC	  research	  permits	  NHS-­‐12-­‐01-­‐12	  and	  
CA–34889-­‐RES.	   All	   transmitters	   were	   fitted	   by	   trained	   DoC	   workers	   as	   a	   function	   of	   their	   own	  
translocation	   programme,	   so	   no	   further	   handling	   of	   birds	   was	   required	   for	   the	   purposes	   of	   this	  
project.	  Lincoln	  University	  Animal	  Ethics	  Committee	  approval	  was	  not	  required	  because	  this	  project	  
does	   not	   involve	   interacting	   with	   the	   birds	   or	   disturbing	   their	   natural	   behaviour	   (pers	   comms,	   L.	  
Molles	  from	  Lincoln	  University,	  Dec	  2014).	  
DoC	   have	   given	   permission	   for	   previous	   transmitter	   data	   records	   to	   be	   made	   available	   for	   this	  
research	   and	   permission	   has	   been	   sought	   and	   received	   to	   access	   data	   held	   by	   the	   Nina	   Valley	  
Recovery	  Group.	  Data	  from	  a	  Lincoln	  University	  summer	  scholarship	  student	  has	  also	  contributed	  to	  
this	  project.	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Chapter	  3	  
GSK	  activity	  pre	  and	  post	  translocation	  
3.1 Introduction	  
The	  activity	  data	  from	  the	  GSK	  V2.0	  diagnostic	  transmitters	  is	  designed	  to	  identify	  when	  a	  male	  (and	  
to	   a	   lesser	   extent	   a	   female)	   is	   incubating.	   Although	   its	   primary	   purpose	   was	   originally	   to	   inform	  
wildlife	  managers	  when	  an	  egg	  is	  laid	  (Wildtech,	  2009)	  and	  therefore	  when	  an	  egg	  could	  be	  uplifted	  
for	  the	  Operation	  Nest	  Egg	  (ONE)	  programme,	  it	  has	  also	  been	  used	  as	  a	  proxy	  for	  incubation	  success	  
in	   instances	  where	   the	  birds	   remained	  undisturbed.	   Furthermore,	   if	  we	   assume	   that	   an	   unhealthy	  
bird	   will	   decrease	   in	   its	   movements,	   it	   could	   be	   used	   as	   an	   indicator	   for	   an	   individual’s	   health.	  
Although	  this	  data	  is	  potentially	  useful,	  there	  is	  no	  current	  published	  research	  looking	  at	  the	  overall	  
activity	   outside	   incubation	   in	   any	  GSK	   populations.	   This	   study	  will	   look	   at	   the	   differences	   in	   these	  
activity	   levels	   pre	   and	   post	   translocation	   for	   both	   study	   populations	   and	   how	   these	   relate	   to	   the	  
translocation.	  	  
Analysis	   of	   the	   activity	   data	   from	   the	   pre	   and	   post	   translocation	   phase	   could	   be	   helpful	   for	  
determining	   whether	   translocated	   individuals	   are	   adapting	   well	   to	   the	   recipient	   site.	   If	   activity	   is	  
significantly	   curtailed,	   then	   there	  might	   be	   a	   possibility	   of	   illness	   or	   stress	   from	   the	   translocation	  
affecting	   the	   bird’s	   adaptability	   (Dickens	   et	   al.,	   2009;	   Teixeira	   et	   al.,	   2007).	   In	   the	   context	   of	   this	  
study,	  comparing	  the	  activity	  pre	  and	  post	  translocation	  of	  the	  Hawdon	  kiwi	  with	  the	  Nina	  ONE	  kiwi,	  
we	   can	   see	   whether	   there	   is	   a	   change	   in	   behaviour	   attributed	   to	   the	   translocation.	   If	   extreme	  
changes	  in	  behaviour	  are	  a	  result	  of	  translocations,	  then	  the	  translocation	  procedure	  can	  be	  revised.	  
3.1.1 Original	  hypothesis	  from	  the	  proposal	  	  
The	  activity	  results	  will	  be	  used	  to	  determine	  whether	  there	  is	  greater	  activity	  shown	  by	  Nina	  Valley	  
sub-­‐adults	   and/or	   Hawdon	   Valley	   translocated	   birds	   during	   the	   post	   translocation	   phase.	   We	  
hypothesize	  that	  the	  sub-­‐adults	  resident	  in	  the	  Nina	  Valley	  will	  increase	  their	  activity	  in	  the	  presence	  
of	  translocated	  adults	  looking	  to	  set	  up	  a	  territory.	  
	  
3.2 Method	  
Activity	   data	   from	   four	   Nina	   GSK	   and	   five	   GSK	   translocated	   from	   the	   Hawdon	   to	   the	   Nina	   was	  
analyzed	  using	  generalized	  linear	  mixed	  models	  (GLMMs)	  to	  determine	  whether	  activity	  levels	  were	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affected	  by	   the	   translocation.	   Table	  8	   shows	   the	  birds	   included	   in	   the	  analyses.	   Table	  9	   is	   a	   list	   of	  
additional	  Hawdon	  birds	  used	  in	  the	  pre	  translocation	  analysis.	  
Table	  8:	  Table	  of	  birds	  used	  in	  all	  activity	  analyses	  
Bird	  ID	   Sex	   Paired	   Origin	   Partner	  
Bella	   M	   Y	   Nina	   Feisty	  
Feisty	   F	   Y	   Nina	   Bella	  
Mamaku	   M	   N	   Nina	   NA	  
Lichen	   F	   N	   Nina	   NA	  
Bonnie	   F	   Y	   Hawdon	   Clyde	  
Clyde	   M	   Y	   Hawdon	   Bonnie	  
Herb	   M	   Y	   Hawdon	   Spice	  
Pongo	   F	   Y	   Hawdon	   Rangi	  
Rangi	   M	   Y	   Hawdon	   Pongo	  
	  
Table	  9:	  Table	  of	  supplementary	  birds	  used	  in	  the	  Hawdon	  pre	  translocation	  activity	  analysis	  
Bird	  ID	   Sex	   Paired	   Origin	   Partner	  
Bert	   M	   N	   Hawdon	   NA	  
Kat	   M	   Y	   Hawdon	   Tom	  
Mak	   M	   Y	   Hawdon	   Wai	  
Tom	   M	   Y	   Hawdon	   Kat	  
	  
3.2.1 Data	  deficient	  birds	  
Because	  the	  analyses	  required	  sufficient	  data	  for	  each	  bird	  from	  multiple	  monitoring	  periods,	  it	  was	  
necessary	  to	  remove	  birds	  that	  were	  missing	  activity	  data	  from	  one	  or	  more	  seasons.	  Such	  gaps	  arose	  
from	  sporadic	  monitoring	  efforts,	  early	  transmitter	  loss	  or	  because	  birds	  have	  only	  been	  fitted	  with	  a	  
transmitter	  relatively	  recently.	  These	  birds	  have	  been	  removed	  from	  the	  analysis	  (See	  Table	  10):	  
Table	  10:	  Table	  of	  data	  deficient	  birds	  (“UN”	  represents	  unknown)	  
Bird	  ID	   Sex	   Origin	   Reason	  for	  removal	  
Booboo	   Male	   Hawdon	   Caught	  only	  in	  2014	  
Spice	   Female	   Hawdon	   Caught	  only	  in	  2014	  
Yogi	   Female	   Hawdon	   NIB	  egg	  timer	  used	  
Patrick	   Male	   Hawdon	   Low	  activity	  yield	  
Miro	   UN	  	   Nina	  -­‐	  ONE	   Dropped	  tx	  	  (Nov	  2012)	  
Ora	   UN	   Nina	  -­‐	  ONE	   Dropped	  tx	  (2013)	  
Jazz	   UN	   Nina	  -­‐	  ONE	   Dropped	  tx	  (May	  2013)	  
St	  Anaru	   UN	   Nina	  -­‐	  ONE	   Died	  (Nov	  2012)	  
Poppy	   UN	   Nina	  -­‐	  ONE	   Dropped	  tx	  (Nov	  2013)	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3.2.2 Dates	  used	  in	  analyses	  
Pre	   translocation	   data	   was	   principally	   collected	   for	   management	   purposes	   by	   Department	   of	  
Conservation	  staff	  prior	   to	   this	  study.	  Data	  collected	   for	   the	  period	  between	  January	  2015	  and	  the	  
translocation	  date	  was	  collected	  by	  Peter	  Jahn,	  Laura	  Molles,	  Michael	  Hargraves	  and	  myself.	  The	  GSK	  
in	   the	  Hawdon	  Valley	  have	  been	  more	   intensively	  monitored	   than	   the	  ONE	  birds	  due	   to	   the	  closer	  
proximity	  to	  human	  habitation	  and	  ease	  of	  access.	  Additionally,	  data	   for	   the	  ONE	  birds	   in	   the	  Nina	  
started	  from	  the	  first	  translocation	  in	  2011	  and	  involved	  fewer	  birds,	  so	  there	  is	  a	  disproportionately	  
greater	   number	   of	   birds	   for	   the	   Hawdon	   analysis.	   	   Historical	   data	   collected	   from	   Summer	   2011	  
onwards	  was	  used,	  as	  this	  provided	  information	  over	  a	  similar	  timespan	  for	  both	  valleys.	  	  
Prior	  to	  the	  analysis	  of	  the	  activity	  data,	  it	  was	  necessary	  to	  remove	  any	  activity	  that	  directly	  related	  
to	   incubation.	  GSK	   typically	   exhibit	   a	   decrease	   of	  movement	   across	   both	   female	   and	  male	   kiwi	   as	  
they	  attempt	  to	   incubate	  an	  egg.	  Because	  not	  all	  birds	  successfully	   incubate	  an	  egg	  to	  hatching,	  or	  
actually	   lay	   an	   egg	   in	   a	   season	   (e.g.	   due	   to	   the	   life	   stage	   of	   the	   birds	   as	   in	   the	  ONE	   cases),	   these	  
discrete	  packets	  of	  data	  were	  removed	  to	  reduce	  bias.	  	  
Data	   removed	   pertaining	   to	   actual	   incubation	   (see	   “General	   Methods”	   chapter)	   included	   an	  
additional	  5	  days	  post	  hatch	  to	  capture	  immediate	  parental	  care.	  DoC	  provided	  the	  incubation	  dates	  
from	  their	  Kiwi	  Database.	  
3.2.3 Factors	  used	  in	  analyses	  
In	   addition	   to	   Sex	   and	   Origin	   (Nina	   or	   Hawdon),	   fixed	   effects	   included	   in	   one	   or	   more	   statistical	  
mixed-­‐models	   included	  Translocation	   (Pre	  or	  Post),	  and	  Season.	  Data	  was	  categorized	   into	  seasons	  
based	  on	  the	  following	  date	  ranges:	  Summer	  (December	  -­‐	  February),	  Autumn	  (March	  -­‐	  May),	  Winter	  
(June	  -­‐	  August)	  and	  Spring	  (September	  -­‐	  November).	  The	  fixed	  effect	  of	  Pair	  (whether	  or	  not	  a	  bird	  
was	  part	  of	  a	  breeding	  pair)	  could	  not	  be	  included	  as	  all	  translocated	  birds	  were	  paired	  at	  the	  time	  of	  
translocation.	   Year	   (calendar	   year	   of	   data	   collection)	   and	   BirdID	   (individual	   bird’s	   name)	   were	  
included	  as	  random	  effects,	  as	  the	  data	  was	  collected	  for	  multiple	  days	  in	  each	  included	  year	  for	  each	  
bird.	  
Table	  11:	  Fixed	  and	  Random	  effects	  for	  activity	  analyses	  
Fixed	  effects	   Random	  effects	  
Season	  –	  Autumn,	  Winter,	  Spring,	  Summer	   Bird	  ID	  (previously	  listed	  in	  Tables	  8	  and	  9)	  
Sex	  –	  Male,	  Female,	  Unknown	   Year	  –	  2011,	  2012,	  2013,	  2014,	  2015	  
Origin	  –	  Nina,	  Hawdon	   	  
Pair	  –	  Yes,	  No	   	  
Translocation	  –	  Pre,	  Post	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All	  analysis	  of	   the	  activity	  data	  was	  conducted	  using	  Microsoft	  Excel	  and	  R	  Studio	  version	  0.98.501	  
(RStudio	  Team,	  USA),	  a	  cross	  platform	  application	  known	  as	  an	  Integrated	  Development	  Environment	  
(de	  Vries	  &	  Meys,	  2015)	  
To	  counteract	  or	  detect	  collinearity,	  I	  sequentially	  dropped	  individual	  covariates	  and	  conducted	  pair-­‐
wise	   tests	   throughout	   the	   analysis.	   These	   covariates	  were	   only	   removed	   if	   they	   did	   not	   affect	   the	  
overall	   explanatory	   power	   of	   the	   model.	   A	   repeated	   measures	   ANOVA	   structure	   was	   selected	   to	  
compare	   the	   strengths	   of	   different	   models	   as	   a	   one-­‐way	   ANOVA	   requires	   all	   the	   data	   to	   be	  
independent	   (Motulsky,	  1995)	  and	  this	  assumption	   is	  violated	  with	  the	  collection	  of	  activity	  on	  the	  
same	   set	   of	   birds	  multiple	   times.	   To	   obtain	   Akaike	   Information	   Criterion	   (“AIC”)	   values	   on	  model	  
variation,	   backward	   selection	  was	   conducted	   using	   drop1	   tests.	   ANOVA	  was	   also	   used	   to	   test	   the	  
significance	  between	  competing	  models,	  producing	  p	  values	  for	  changes	  in	  model	  deviance.	  	  
3.2.4 Models	  analysed	  
Is	  there	  a	  difference	  in	  activity	  levels	  for	  the	  Hawdon	  and	  Nina	  birds	  one	  week	  
immediately	  prior	  and	  post	  translocation?	  
	  
This	  model	  compared	  activity	  of	  birds	  in	  the	  immediate	  pre	  translocation	  (08/04/2015	  -­‐	  15/04/2015)	  
and	  post	  translocation	  (16/04/2015	  -­‐	  23/04/2015)	  periods.	  Rangi	  and	  Pongo	  were	  compared	  for	  the	  
pre	   translocation	   (15/04/2015	   -­‐	   22/04/2015)	   and	   post	   translocation	   (23/04/2015	   -­‐	   30/04/2015)	  
period	  relating	  to	  their	   later	  release.	  The	  full	  model	   included	  Translocation,	  Sex	  and	  Origin	  as	   fixed	  
effects,	  and	  BirdID	  as	  a	  random	  effect.	  Year	  and	  Season	  were	  not	  included	  as	  all	  data	  for	  this	  model	  
was	  collected	  in	  Autumn	  2015.	  Pair	  was	  not	  a	  factor	  as	  all	  of	  the	  Hawdon	  origin	  birds	  were	  paired.	  
Did	  the	  translocation	  affect	  longer-­‐term	  activity	  levels	  of	  Hawdon	  birds?	  
Five	  of	  the	  eight	  translocated	  GSK	  had	  sufficient	  data	  for	  longer-­‐term	  activity	  analysis.	  As	  all	  Hawdon	  
birds	   that	   were	   not	   translocated	   had	   their	   transmitters	   removed	   on	   capture	   at	   the	   translocation	  
date,	  no	  data	  was	  added	  for	  these	  birds	  in	  the	  post	  translocation	  phase.	  
The	   full	   model	   compared	   the	   pre	   translocation	   (09/05/2011	   –	   15/04/15)	   and	   post	   translocation	  	  
(16/04/2015	   -­‐	   02/12/2015)	   periods	   for	   Hawdon	   birds	   only.	   Fixed	   effects	   included	   Translocation,	  
Season,	  Sex	  and	  Pair	  with	  BirdID	  and	  Year	  as	  separate	  random	  effects,	  along	  with	  the	  Translocation	  x	  
Season	   interaction.	   Season	   was	   restricted	   to	   looking	   at	   Spring,	   Autumn	   and	   Winter.	   Summer	  
generally	   had	   large	   series	   of	   incubation	   data	   and	   therefore	   this	   season	  was	   data	   deficient	   for	   this	  
analysis.	  BirdID	  could	  not	  be	  tested	  directly	  against	  Year	  as	  some	  of	  the	  birds	  were	  missing	  data	  for	  
some	  of	  the	  years.	  Origin	  was	  not	  required	  as	  all	  birds	  are	  of	  Hawdon	  origin.	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Did	  the	  translocation	  affect	  longer-­‐term	  activity	  levels	  of	  Nina	  ONE	  birds?	  
The	  same	  modeling	  approach	  used	  for	  the	  translocated	  Hawdon	  GSK	  was	  repeated	  for	  the	  four	  Nina	  
ONE	   birds	   Bella,	   Feisty,	  Mamaku	   and	   Lichen	   starting	   from	   the	   first	   ONE	   translocated	   to	   the	   Nina	  
dated	  21/01/2011	   to	   the	  15/04/2015.	  The	   full	  model	   included	   fixed	  effects:	  Translocation,	  Season,	  
Sex	  and	  Pair,	  and	   the	  Translocation	  x	  Season	   interaction,	  with	   random	  factors	   including	  BirdID	  and	  
Year.	  As	  for	  the	  previous	  model,	  both	  Year	  and	  BirdID	  were	  tested	  separately	  for	  the	  same	  reasons	  
stated	  above.	  As	  before,	  the	  season	  Summer	  was	  removed.	  	  
Did	  seasonal	  activity	  levels	  vary	  pre-­‐	  and	  post-­‐translocation	  in	  different	  ways	  for	  Hawdon	  
versus	  Nina	  birds?	  	  
The	   birds	   tested	   in	   this	   analysis	   included	   Bonnie,	   Clyde,	   Herb,	   Spice,	   Booboo,	   Yogi,	   Rangi,	   Pongo,	  
Bella,	   Feisty,	  Mamaku	   and	   Lichen.	   The	   non-­‐translocated	  Hawdon	   birds	   and	   Patrick	   (from	   the	  Nina	  
set)	  were	  removed	  to	  avoid	  convergence	  issues	  due	  insufficient	  data.	  Additionally,	  the	  data	  set	  was	  
reduced	  to	   include	  only	  the	  seasons	  Spring,	  Autumn	  and	  Winter.	  Therefore	  the	  fixed	  effects	  tested	  
included:	  Season,	  Sex,	  Origin,	  Pair	  and	  Translocation.	  BirdID	  and	  Year	  were	  listed	  as	  separate	  random	  
effects	  as	  some	  birds	  had	  data	  for	  only	  some	  of	  the	  years.	  We	  initially	  tested	  the	  models	  looking	  at	  
two-­‐way	  interactions	  separately	  and	  then	  comparing	  these	  using	  repeated	  measures	  ANOVA	  with	  a	  
Chi-­‐squared	  test	  to	  see	  if	  the	  deviance	  difference	  in	  the	  models	  was	  significant.	  The	  model	  was	  then	  
tested	  using	  a	  three-­‐way	  interaction.	  	  
	  
3.3 Results	  
3.3.1 Is	  there	  a	  difference	  in	  activity	  levels	  for	  the	  Hawdon	  and	  Nina	  birds	  one	  
week	  immediately	  prior	  and	  post	  translocation?	  
Table	  12:	  Significance	  of	  dropping	  different	  fixed	  factors	  from	  the	  full	  model	  for	  “immediately	  prior	  
and	  post	  translocation”	  analysis	  
Model	   AIC	   ΔAIC	   P	  value	  
All	  Factors	   1245.5	   -­‐	   -­‐	  
All	   factors	   except	  
Translocation	  
1243.7	   1.8	   0.6496	  
All	   factors	   except	  
Sex	  
1245.2	   0.3	   0.1937	  
All	   factors	   except	  
Origin	  
1247.0	   1.5	   0.05967	  
	  
Table	   12	   illustrates	   that	   the	   Translocation	   status	   was	   not	   a	   significant	   factor	   in	   the	   model	   and	  
therefore	  there	  was	  no	  significant	  change	  in	  activity	  levels	  pre	  and	  post	  translocation	  for	  either	  the	  
Nina	   or	   Hawdon	   bird	   sets.	   However,	   the	  model	   excluding	   Origin	   is	   nearly	   significant,	   which	   could	  
suggest	  that	  there	  is	  a	  possible	  difference	  between	  the	  Nina	  and	  Hawdon	  birds.	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3.4 Discussion	  
3.4.1 Is	  there	  a	  difference	  in	  activity	  levels	  for	  the	  Hawdon	  and	  Nina	  birds	  one	  
week	  immediately	  prior	  and	  post	  translocation?	  
There	  was	  no	  immediate	  difference	  between	  pre	  and	  post	  translocation	  for	  either	  set	  of	  birds.	  This	  
result	   is	   interesting	   because	   it	   was	   hypothesized	   that	   the	   activity	   would	   likely	   increase	   post	  
translocation.	  The	  explanation	  for	  the	  formation	  of	  this	  hypothesis	  was	  that	  the	  Hawdon	  birds	  may	  
have	  devoted	  more	  time	  to	  site	  exploration	  (Bauder,	  Castellano,	  Jensen,	  Stevenson,	  &	  Jenkins,	  2014;	  
Musil,	  Connelly,	  &	  Reese,	  1993),	  may	  have	  spent	  more	  time	   foraging	   in	  an	  unfamiliar	   landscape	  or	  
become	  reacquainted	  with	  their	  mates	  (Armstrong	  &	  Craig,	  1995)	  and	  potentially	  tested	  boundaries	  
with	   resident	   kiwi	   nearby	   as	   all	   pairs	   were	   acoustically	   anchored.	   Acoustically	   anchored	   in	   this	  
context	  refers	  to	  the	  translocated	  birds	  having	  the	  ability	  to	  hear	  the	  natural	  calls	  of	  both	  their	  mates	  
and	  nearby	  resident	  birds.	   In	   the	  Nina	  ONE	  birds	  we	  expected	  an	   increase	   in	  activity	  on	  hearing	  or	  
finding	   other	   unfamiliar	   birds	   and	   spend	   more	   time	   guarding	   the	   edges	   of	   their	   own	   established	  
territory	   (Taborsky	  &	  Taborsky,	   1999).	   The	   results	   suggest	   that	   there	  might	  have	  been	   some	   small	  
increase	  but	   the	  error	  around	  our	  estimates	  preclude	  us	   from	  being	  able	   to	  definitively	   show	   this.	  
This	  could	  be	  somewhat	   remedied	   in	   the	   future	  by	  having	  a	  much	   larger	  sample	  size	  although	  this	  
could	  be	  prohibitive	  considering	  the	  logistics	  of	  most	  GSK	  translocations.	  These	  findings	  are	  however	  
thought	   provoking	   and	   more	   research	   would	   be	   beneficial	   to	   better	   characterize	   the	   kinds	   of	  
behaviour	   these	  birds	  display	   in	   the	   immediate	  aftermath	  of	  a	  translocation.	  There	   is	   the	  potential	  
that	   the	  above	  behaviours	  were	  displayed	  at	   the	  expense	  of	   foraging	  but	  more	   research	  would	  be	  
required	   to	   determine	   this.	  Many	   of	   these	   classes	   of	   behaviours	   could	   be	   observed	  with	  multiple	  
camera	   placements	   in	   the	   immediate	   release	   vicinity,	   as	   in	   the	   study	   by	   Cunningham	   and	   Castro	  
(2011)	  on	  North	  Island	  brown	  kiwi.	  	  
3.4.2 Did	  the	  translocation	  affect	  longer-­‐term	  activity	  levels	  of	  Hawdon	  birds?	  
Using	  the	  activity	  data	  collected	  for	  the	  translocated	  Hawdon	  and	  resident	  Nina	  birds,	  it	  was	  revealed	  
that	  there	  was	  a	  statistically	  significant	  increase	  in	  activity	  post	  translocation	  across	  the	  Hawdon	  bird	  
subset	  for	  the	  seasons	  of	  autumn,	  winter	  and	  spring.	  This	  included	  accounting	  for	  the	  differences	  in	  
gender.	  Therefore	  the	  hypothesis	  is	  supported	  by	  the	  results	  from	  this	  data	  set.	  
There	  are	  several	  possible	  explanatory	  variables	  that	  could	  not	  be	  accounted	  for	  in	  this	  model.	  One	  
reason	  for	  an	  increase	  in	  activity	  could	  be	  that	  food	  availability	  may	  be	  more	  constrained	  in	  the	  Nina	  
Valley	  when	   compared	   to	   the	  Hawdon	  Valley.	  Although	   the	   translocation	  proposal	   by	   Yong	   (2014)	  
states	   that	   the	  habitat	   is	   similar	  between	  both	  sites,	   there	  may	  be	  a	  difference	   in	   the	   invertebrate	  
count	  due	  to	  differences	   in	   food	  competitors,	   small	  differences	   in	  habitat	  composition	  and	  terrain.	  
Habitat	   surveys	  were	  not	  within	   the	   scope	  of	   this	   study.	   The	  Nina	  Valley	   is	  missing	   the	  wide	   river	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terrace	  that	  is	  present	  in	  the	  Hawdon	  Valley	  and	  this	  may	  also	  affect	  the	  ability	  for	  ground	  dwelling	  
invertebrates	  to	  reproduce	  (Plum,	  2005).	  	  
Weather	   could	   have	   also	   been	   a	   significant	   factor	   on	   food	   accessibility.	   If	   the	   climate	   since	   the	  
translocation	  has	  been	  unseasonably	  warm	  or	  cool	  then	  this	  could	  have	  changed	  the	  food	  availability	  
in	  the	  region	  and	  how	  the	  birds	  foraged.	  Extreme	  rain	  events	  have	  the	  ability	  to	  change	  the	  course	  of	  
rivers	   and	   can	   change	   the	   area	   of	   river	   terraces	   used	   for	   foraging	   and	  more	   waterlogged	   ground	  
could	   inhibit	   the	   invertebrate	   reproduction	   cycle	   (Plum,	   2005).	   Furthermore,	   predation	   control	  
differences	  between	  the	  Hawdon	  and	  Nina	  Valleys	  (see	  General	  Introduction	  –	  Predation)	  may	  result	  
in	  an	  increase	  in	  interspecific	  competition	  affecting	  foraging	  success.	  For	  example,	  in	  the	  case	  of	  the	  
Nina	  Valley,	  the	  reduced	  predator	  control	  could	   lead	  to	  a	  greater	  burden	  of	  rats	  competing	  for	  the	  
same	   food	   resources	   (Courchamp	   et	   al.,	   2003).	   This	   would	   then	   require	   the	   translocated	   birds	   to	  
increase	   foraging	  activity.	  A	  study	  by	  W.	  A.	  Mitchell,	  Abramsky,	  Kotler,	  Pinshow,	  and	  Brown	  (1990)	  
found	  that	  foraging	  activity	  was	  density	  dependent	  with	  respect	  to	  interspecific	  competition	  for	  the	  
Allenby’s	   gerbil	   (Gerbillus	   allenbyi).	   As	   the	   density	   of	   competition	   increases,	   there	   was	   a	  
corresponding	  increase	  in	  foraging	  activity	  (W.	  A.	  Mitchell	  et	  al.,	  1990).	  This	  activity	  increase	  is	  seen	  
in	  many	  different	  species	  according	  to	  foraging	  theory	  (Alcock,	  2013).	  Mast	  years	  can	  also	  affect	  the	  
availability	   of	   food	   and	   increase	   food	   competitors	   through	   post-­‐mast	   rat	   and	   mice	   irruptions	  
(McLennan,	  2006;	  Odonnell	  &	  Phillipson,	  1996).	  It	  is	  worth	  noting	  that	  2014	  was	  recognised	  by	  DoC	  
as	  a	  mast	  year	  (Sandy	  Yong,	  pers	  comms,	  2015).	  
This	  reduced	  predator	  control	   in	  the	  recipient	  site	  may	  have	   led	  to	  an	   increase	  of	  activity	  from	  the	  
Hawdon	   birds	   post	   translocation	   through	   predator	   avoidance	   (Courchamp	   et	   al.,	   2003).	   Although	  
tracking	  tunnel	  indices	  were	  not	  available	  across	  both	  sites,	  the	  differences	  in	  the	  level	  of	  predation	  
control	  was	  substantial	  and	  therefore	  it	  is	  likely	  that	  the	  presence	  of	  some	  pest	  species	  was	  higher	  in	  
the	  Nina	  than	  the	  Hawdon	  Valley.	  Although	  the	  predator	  presence	  profile	  in	  this	  site	  is	  a	  recognised	  
threat	   to	  GSK	  chicks	  and	   juveniles	   (Holzapfel	  et	  al.,	  2008;	  Robertson	  et	  al.,	  2005;	  Sales,	  2005),	  GSK	  
adults	   would	   unlikely	   be	   troubled,	   as	   they	   are	   large	   enough	   to	   deter	   predation	   of	   these	   species	  
(Colbourne	   et	   al.,	   2005)	   The	   larger	   predators	   such	   as	   dogs	   and	   ferrets	   (Colbourne	   et	   al.,	   2005;	  
Morgan	  et	  al.,	  2014)	  are	  not	  commonly	  found	  in	  this	  habitat.	  
Dispersal	   may	   encourage	   a	   greater	   need	   to	   explore	   habitat.	   Immediately	   after	   translocation	   we	  
would	  expect	  that	  the	  translocated	  birds	  would	  spend	  a	  significant	  amount	  of	  time	  investigating	  this	  
new	  environment,	  but	  further	  dispersal	  would	  perpetuate	  this	  for	  a	  longer	  period	  of	  time.	  Although	  
the	   immediate	   activity	   was	   not	   significantly	   changed	   pre	   to	   post	   translocation,	   the	   longer-­‐term	  
results	   demonstrated	   a	   significant	   increase.	   Dispersal	   would	   also	   increase	   the	   likelihood	   of	  
encountering	   other	   resident	   GSK	   in	   the	   valley	   and	   this	   could	   in	   turn	   require	  more	   time	   from	   the	  
	   38	  
translocated	  birds	   to	   find	  areas	   that	  are	  not	  encroaching	  on	  other	  kiwi.	  Although	   these	  birds	  were	  
released	   in	   areas	   that	   were	   assumed	   to	   be	   a	   free	   territory,	   there	   is	   the	   possibility	   that	   there	   are	  
resident	  kiwi	  there	  that	  have	  remained	  undetected.	  An	  acoustic	  recorder	  survey	  conducted	  in	  2012	  
detected	   little	   adult	   kiwi	   activity.	  However,	  we	   cannot	   assume	   that	   there	  are	  no	  other	   kiwi	   in	   this	  
valley	  as	   this	  monitoring	   tool	   can	  produce	   false	  negatives	   (Digby,	   Towsey,	  Bell,	  &	  Teal,	   2013).	   This	  
theory	  could	  be	  likely	  given	  the	  large	  territory	  sizes	  seen	  in	  current	  GSK	  research.	  
Stress	   is	  a	  significant	  factor	  to	  be	  considered	   in	  post-­‐translocation	  behaviour	  (Teixeira	  et	  al.,	  2007).	  
Stress	   of	   the	   translocation	   process	   itself,	   the	   new	   habitat	   and	   social	   change	   may	   produce	   a	  
physiological	  response	  (Dickens	  et	  al.,	  2009;	  Teixeira	  et	  al.,	  2007),	  which	  may	  include	  an	  increase	  or	  
decrease	  in	  activity	  due	  to	  the	  flight	  or	  fight	  response.	  This	  would	  also	  affect	  dispersal	  distances.	  
Although	   kiwi	   chicks	   are	   precocial,	   there	   is	   some	   anecdotal	   evidence	   of	   post	   hatch	   parental	   care	  
(Forder,	   2014).	   This	   “parental	   care”	   factor	   post	   incubation	   in	   the	   spring	   and	   summer	  months	   can	  
decrease	   the	  overall	   activity	  of	  a	  bird	  when	   it	   is	   averaged	  over	  a	   season.	   If	   the	  parental	   care	  does	  
stretch	  into	  8	  weeks	  post	  incubation	  then	  this	  can	  have	  a	  large	  effect	  on	  the	  minutes	  of	  activity	  over	  
a	  long	  period	  of	  time	  given	  all	  the	  Hawdon	  birds	  are	  known	  to	  have	  produced	  live	  chicks	  in	  previous	  
years.	  While	  removing	  the	  season	  of	  “Summer”	  from	  the	  analysis	  was	  to	  help	  mitigate	  any	  effect	  this	  
had,	  it	  is	  not	  known	  exactly	  how	  long	  adult	  birds	  will	  show	  parental	  care	  and	  this	  may	  extend	  into	  the	  
Autumn	  months.	  Testing	  the	  average	  length	  of	  this	  care	  period	  would	  benefit	  from	  further	  research.	  
3.4.3 Did	  the	  translocation	  affect	  longer-­‐term	  activity	  levels	  of	  Nina	  ONE	  birds?	  
Although	  the	  activity	  overall	  appears	  to	  show	  an	  increase	  in	  the	  longer	  term	  for	  the	  Nina	  ONE	  birds,	  
the	  small	  sample	  size	  has	  produced	  a	  large	  standard	  error.	  The	  results	  show	  an	  increase	  in	  activity	  for	  
the	  seasons	  “Autumn	  and	  “Spring”	  but	  “Winter”	   remains	   largely	   inconclusive.	  As	  with	   the	  Hawdon	  
birds,	   some	   joint	   factors	   may	   account	   for	   the	   perceived	   increase	   in	   activity	   overall	   pre	   and	   post	  
translocation.	   These	   include	   the	  weather	   as	   discussed	   above,	  which	   is	   not	   accounted	   for	   in	   these	  
models.	  Additionally,	  this	  is	  a	  small	  sample	  set	  with	  a	  lower	  statistical	  power	  (Motulsky,	  1995).	  There	  
are	  fewer	  birds	  with	  much	  less	  data	  owing	  to	  the	  infrequency	  of	  collection	  pre	  translocation	  that	  this	  
could	  influence	  the	  results.	  The	  Nina	  birds	  could	  also	  be	  reacting	  to	  the	  presence	  of	  unfamiliar	  birds	  
in	   the	   valley	   post	   translocation	   (Taborsky	   &	   Taborsky,	   1999)	   and	   are	   overall	   spending	  more	   time	  
holding	   territory.	   This	   explanation	  would	   only	   likely	   hold	   for	   three	   of	   the	   four	  main	  Nina	   birds	   as	  
Lichen	  was	   located	  much	   further	  up	   the	  valley	  and	  was	  buffered	  by	  a	   resident	  pair	   situated	  at	   the	  
hut.	  These	  effects	  would	  more	  likely	  have	  been	  seen	  for	  Bella,	  Feisty	  and	  Mamaku.	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3.4.4 Did	  seasonal	  activity	  levels	  vary	  pre-­‐	  and	  post-­‐translocation	  in	  different	  ways	  
for	  Hawdon	  versus	  Nina	  birds?	  	  
When	  each	   component	   of	   the	   interaction	  was	   accounted	   for	   it	  was	   found	   that	   there	  was	   a	   highly	  
significant	  interaction	  between	  all	  three	  factors	  of	  Origin	  (where	  the	  birds	  originated),	  Translocation	  
(pre	   or	   post)	   and	   Season.	   Unfortunately	   the	  model	  was	   unable	   to	   produce	  means	   for	   the	   activity	  
under	   these	   conditions	   given	   the	   level	   of	   complexity	   in	   the	   model,	   but	   it	   does	   highlight	   that	  
interactions	  of	   factors	  are	  a	  consideration	  when	  comparing	   the	  activity	   levels	  of	   the	  birds	  during	  a	  
translocation.	  
	  
3.5 Limitations	  of	  the	  analyses:	  
In	   the	   case	   of	   this	   study	   where	   we	   had	   multiple	   observations	   from	   the	   same	   birds,	   we	   used	   a	  
dependence	  structure	  with	  random	  effects	  (Zuur,	  Ieno,	  &	  Elphick,	  2010).	  After	  several	  models	  were	  
created	  looking	  at	  individual	  fixed	  effects	  and	  removing	  the	  effects	  that	  made	  no	  significant	  changes	  
to	  results	  it	  was	  found	  that	  the	  model	  comparing	  the	  interaction	  between	  Season	  and	  Translocation	  
status	   (pre/post)	   as	   a	   function	   of	   BirdID	   and	   Year	   individually	   (as	   (1|ID)+(1|Year))	   worked	   best	  
without	  the	  model	  becoming	  unstable.	  When	  we	  compared	  BirdID	  as	  a	  function	  of	  Year	  in	  (Year|ID),	  
the	  model	  had	  convergence	  issues	  to	  a	  lack	  of	  data	  for	  some	  individuals	  for	  some	  years.	  The	  models	  
could	  have	  been	  more	  accurate	  with	   this	   random	  effects	   interaction	   in	  place	   if	   there	  were	  enough	  
data	  to	  support	  it.	  It	  was	  also	  determined	  that	  Sex	  and	  whether	  the	  birds	  were	  paired	  (Pair),	  had	  no	  
significant	  effect	  on	  the	  results.	  	  
It	  also	  needs	  to	  be	  acknowledged	  that	  the	  sample	  sizes	  that	  were	  used	  in	  this	  study	  are	  small	  and	  this	  
can	  have	  impacts	  on	  the	  statistical	  power	  of	  the	  models	  used	  (Motulsky,	  1995;	  Zuur	  et	  al.,	  2010).	  The	  
limitation	  of	  using	  the	  birds	  that	  had	  been	  previously	  transmittered	  by	  DoC	  prevented	  the	  use	  of	  a	  
larger	  sample	  size	  for	  the	  current	  study.	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Chapter	  4	  
Post	  translocation	  dispersal	  
4.1 Introduction	  
When	  translocating	  any	  kiwi	  species,	  it	  is	  important	  to	  understand	  the	  dispersal	  mechanisms	  utilized	  
by	  the	  birds,	  and	  any	  factors	  that	  might	   influence	  retention	  at	  the	  release	  site.	  Acoustic	  anchoring,	  
where	   the	   translocated	  kiwi	  are	   released	  near	  other	  known	  kiwi	   territories,	   is	  a	   tool	  postulated	  by	  
Gasson	   (2005)	   and	   used	   to	   encourage	   kiwi	   to	   settle	   in	   a	   particular	   valley	   and	   there	   has	   been	  
anecdotal	   evidence	   of	   less	   dispersal	   in	   cases	   where	   this	   technique	   is	   used	   (pers	   comms,	   R.	   Toy,	  
Friends	  of	  Flora,	  2015).	  Moreover,	  wildlife	  managers	  must	  also	  ensure	  that	  there	  is	  free	  territory	  and	  
sustainable	   food	   sources	   in	   the	   area	   (Yong,	   2014).	   If	   we	   can	   predict	   the	   features	   that	   might	  
encourage	  or	  prevent	  dispersal,	  then	  these	  can	  be	  accounted	  for	  when	  choosing	  a	  suitable	  recipient	  
site.	  	  
Some	  of	  the	  reasons	  we	  might	  expect	  dispersal	  in	  the	  post	  translocation	  phase	  for	  the	  Hawdon	  birds	  
include:	  exploratory	  movements,	  searching	  for	  areas	  of	  highest	  habitat	  quality	  (Stamps	  &	  Swaisgood,	  
2007),	   intra-­‐specific	   avoidance	   and	   stress	   behaviours	   (Dickens	   et	   al.,	   2009;	   Teixeira	   et	   al.,	   2007).	  
Although,	  it	  is	  possible	  that	  the	  Nina	  ONE	  birds	  may	  display	  some	  dispersal	  characteristics	  relating	  to	  
intra-­‐specific	  avoidance,	  as	  they	  reside	  in	  well-­‐held	  territories	  pre	  translocation,	  it	  is	  more	  likely	  they	  
would	  invest	  their	  effort	  in	  defending	  this	  territory	  (Alcock,	  2013).	  
This	  study	  is	  looking	  at	  the	  dispersal	  distance	  for	  Hawdon	  wild	  birds	  into	  a	  site	  that	  already	  has	  well-­‐
established	  ONE	  birds	   present.	   This	   research	   is	   important	   for	   informing	   translocation	  processes	   as	  
extreme	   dispersal	   can	   result	   in	   the	   failure	   of	   the	   translocation	   or	   put	   future	   translocations	   for	  
supplementation	  or	  genetic	  flow	  at	  risk.	  
	  
4.2 Method	  
This	   research	   analyzed	   two	   different	   measures	   of	   dispersal	   distance	   for	   the	   post-­‐translocation	  
period.	  The	  first	  method	  investigated	  the	  distance	  between	  the	  release	  point	  (Hawdon	  birds)	  or	  most	  
recently	  determined	   location	  on	   the	   translocation	  date	   (Nina	  ONE	  birds)	  and	   the	   final	   triangulated	  
point	  as	  at	   the	  2nd	  of	  December	  2015.	  Some	  birds	  had	  their	   final	  point	   recorded	  earlier	   (see	  A.1	   in	  
Appendix	   A),	   as	   they	   were	   not	   located	   on	   December	   2nd.	   The	   second	  method	  was	   to	   look	   at	   the	  
furthest	  point	  birds	  dispersed	  to	  in	  relation	  to	  their	  release	  point.	  The	  first	  translocation	  date	  of	  the	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16th	  April	  2015	  was	  used	  as	  the	  translocation	  date	  for	  all	  birds	  other	  than	  Rangi	  and	  Pongo	  who	  had	  a	  
translocation	  date	  of	  the	  23rd	  April	  2015.	  
Location	   points	   with	   a	   quality	   value	   of	   1	   were	   excluded	   from	   this	   analysis	   due	   to	   the	   increased	  
chance	  of	  errors	  with	  these	  values	  (see	  General	  Methods	  for	  quality	  rating	  system).	  
Each	  of	  the	  two	  measures	  were	  conducted	  with	  and	  without	  the	  data	  from	  the	  Nina	  ONE	  bird	  Patrick.	  
Patrick	  was	  excluded	  as	  this	  bird’s	  data	  is	  reliant	  on	  only	  four	  points	  collected	  post-­‐translocation,	  two	  
of	  which	  were	  catch	  points	  on	  the	  same	  day	  and	  are	  therefore	  auto-­‐correlated.	  A	  third	  point	  was	  also	  
of	  the	  lowest	  quality	  rating.	  Consequently	  there	  is	  low	  confidence	  in	  this	  bird’s	  overall	  results.	  	  
Unpaired	  Wilcoxon	  tests	  (equivalent	  to	  a	  Mann-­‐Whitney	  test)	  were	  used	  to	  determine	  whether	  the	  
dispersal	  distances	  were	  significantly	  different	  between	  the	  resident	  Nina	  ONE	  and	  the	  Hawdon	  birds	  
post	  translocation.	  	  
	  
4.3 Results	  
4.3.1 Clyde	  
Clyde	  was	   successfully	  monitored	  post	   translocation	   from	   the	  16th	  of	  April	   2015	   to	   the	   last	   known	  
point	  of	  movement	  on	  the	  30th	  of	  April	  2015.	  From	  this	  date	  the	  signal	  was	  lost	  for	  this	  bird,	  although	  
a	   good	   signal	   continued	   for	   his	   paired-­‐mate	   Bonnie.	   Some	   effort	   was	   expended	   in	   attempting	   to	  
locate	  Clyde	  in	  the	  surrounding	  valleys	  but	  without	  success.	  On	  the	  26th	  June	  2015	  Clyde	  was	  found	  
deceased	  by	  a	  DoC	  employee	  as	  a	  result	  of	  a	  motor	  vehicle	  incident	  more	  than	  10km	  from	  his	  release	  
site	  as	  seen	  in	  Figure	  10	  below.	  The	  death	  appeared	  to	  have	  occurred	  within	  the	  last	  24	  hours	  from	  
his	  discovery.	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4.3.3 Furthest	  point	  
	  
Table	  20:	  Wilcoxon	  test	  for	  the	  treatment	  Furthest	  Point	  for	  differences	  between	  Nina	  and	  
Hawdon	  birds	  post-­‐translocation	  
Wilcoxon	  test	  Furthest	  Point	   N	  	   P	  value	  
With	  Patrick	   13	   0.06527	  
Without	  Patrick	   12	   0.02828	  
	  
A	  Wilcoxon	  test	  was	  conducted	  using	  the	  same	  Patrick/No	  Patrick	  treatment.	  The	  results	  show	  that	  
the	  data	  set	  containing	  Patrick	  showed	  no	  significant	  difference	  between	  the	  ONE	  and	  Hawdon	  birds	  
for	  dispersal.	  When	  the	  anomalous	  Patrick	  data	  is	  removed;	  there	  is	  a	  significant	  difference	  with	  a	  P	  
value	  of	  0.028.	  	  
These	   results	   showed	   that	   significant	  differences	   are	   seen	  only	  when	   looking	  at	   the	   furthest	  point	  
and	  removing	  the	  data	  deficient	  Patrick	  from	  the	  data	  set.	  
The	  furthest	  point	  results	  show	  that	  Clyde	  disperses	  the	  furthest	  at	  10.3	  km	  from	  his	  release	  burrow,	  
followed	  by	  Bonnie	  at	  3.78	  km.	  Lichen	  shows	  the	  shortest	  dispersal	  distance	  of	  176	  m	  (n=6).	  All	  of	  the	  
Hawdon	  paired	  birds	  with	  the	  exception	  of	  Rangi	  and	  Pongo	  have	  larger	  dispersal	  distances	  ranging	  
from	  1.77	  km	  to	  2.99	  km.	  Rangi	  and	  Pongo	  have	  much	  shorter	  dispersal	  distances	  recorded	  showing	  
high	  site	  fidelity	  in	  proximity	  to	  their	  release	  burrow.	  
Table	  21:	  Distance	  achieved	  from	  the	  release	  point	  to	  the	  furthest	  point	  obtained	  
Bird	  ID	   Distance	  (m)	   Source	   Date	  reached	  
Mamaku	   1081.66	   Nina	   22/04/15	  
Bella	   1209.28	   Nina	   08/09/15	  
Feisty	   1084.35	   Nina	   08/09/15	  
Lichen	   178.42	   Nina	   30/09/15	  
Patrick	   2117.62	   Nina	   30/09/15	  
Bonnie	   3785.6	   Hawdon	   30/09/15	  
Clyde	   10304	   Hawdon	   26/06/15	  
Booboo	  	   2987.1	   Hawdon	   16/07/15	  
Yogi	   2607.81	   Hawdon	   12/11/15	  
Herb	   1847.94	   Hawdon	   20/10/15	  
Spice	   1765.81	   Hawdon	   20/10/15	  
Rangi	   1251.00	   Hawdon	   01/05/15	  
Pongo	   863.97	   Hawdon	   12/08/15	  
	  
Graphically,	  the	  differences	  between	  the	  two	  source	  groups	  looking	  at	  the	  furthest	  distance	  travelled	  
from	  release	  in	  Figure	  12.	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4.4.2 Dispersal	  of	  Hawdon	  birds	  
Although	  it	  is	  clear	  that	  the	  majority	  of	  the	  Hawdon	  birds	  did	  disperse	  away	  from	  their	  release	  sites,	  
it	   was	   not	   obvious	   whether	   this	   dispersal	   away	   from	   the	   release	   burrows	   was	   within	   the	   normal	  
movements	  expected	  from	  kiwi	  in	  this	  particular	  habitat.	  The	  ONE	  birds	  already	  resident	  within	  the	  
valley	  displayed	  large	  home	  ranges	  (see	  the	  Home	  Range	  chapter)	  prior	  to	  the	  translocation.	  A	  study	  
by	  Keye	  (2008)	  concentrated	  on	  the	  night	  time	  movements	  of	  GSK	  in	  the	  North	  Branch	  Hurunui	  and	  
recorded	  nightly	  traveled	  distances	  ranging	  from	  488	  m	  to	  1657	  m,	  so	  GSK	  are	  capable	  of	  traversing	  
great	  distances	  in	  a	  single	  night.	  	  
Clyde	  was	  data	  deficient	  post	  translocation.	  He	  remained	  within	  the	  valley	  until	  at	   least	  the	  30th	  of	  
April	   2015	   and	   was	   not	   subsequently	   detected.	   Following	   this	   date	   there	   were	   several	   weeks	   of	  
extreme	  weather	  events	  with	  heavy	  rain	  resulting	  in	  a	  gap	  in	  data	  collection	  until	  the	  9th	  of	  May.	  As	  
previously	  stated,	  Clyde	  was	  found	  deceased	  10.3	  km	  from	  his	  release	  burrow	  on	  the	  edge	  of	  State	  
Highway	  7.	  From	  the	  date	  of	  release	  to	  his	  last	  known	  point	  within	  the	  Nina	  Valley	  there	  were	  nine	  
GPS	  coordinates.	  The	  cause	  of	  Clyde’s	  extreme	  dispersal	  is	  unknown.	  The	  pair	  bond	  between	  himself	  
and	  Bonnie	  had	  evidently	  not	  anchored	   this	  bird	   in	   the	  valley	  as	  hoped.	  Unfortunately,	  due	   to	   the	  
lack	  of	  data	   from	  when	  Clyde	   left	   the	  Nina	  Valley	  until	  his	  death,	  we	  have	  no	  knowledge	  as	   to	   the	  
route	   this	   bird	   has	   taken.	   This	   would	   have	   provided	   information	   on	   the	   land	   features	   that	   were	  
favoured	   in	   aiding	  his	   dispersal	   and	   could	  have	  helped	   inform	  other	   translocations.	   It	   is	   extremely	  
likely	  that	  Clyde	  would	  have	  crossed	  multiple	  rivers	  and	  side	  streams	  in	  the	  process,	  consistent	  with	  
the	  dispersal	  pathways	  seen	  in	  several	  of	  the	  Hawdon	  birds	  during	  this	  study.	  
Bonnie	  dispersed	  the	  next	  furthest	  from	  the	  release	  point,	  3785.6	  m	  using	  the	  furthest	  point	  method	  
and	  3267.89	  m	  based	  on	   the	   last	  point.	   Likewise	  with	  Clyde,	   the	   lack	  of	   the	  pair-­‐anchor	  may	  have	  
increased	  Bonnie’s	  propensity	   to	   greater	  dispersal	   (Gasson,	  2005)	   in	   the	   search	  of	   a	   free	   territory.	  
Bonnie	  was	  located	  between	  the	  territories	  of	  Bella/Feisty	  and	  Lichen	  at	  the	  end	  of	  this	  study.	  	  
When	  we	   look	   at	   the	   differences	   between	   both	  methods	   for	   the	   Hawdon	   birds,	   Rangi	   and	   Pongo	  
have	  large	  differences	  in	  these	  figures.	  The	  last	  point	  figure	  for	  both	  of	  these	  birds	  suggest	  that	  they	  
reside	   in	  the	  vicinity	  of	  their	  release	  point,	  and	  the	  furthest	  point	  shows	  they	  did	  move	  away	  from	  
this	  area	  at	  least	  briefly,	  before	  resettling	  in	  the	  release	  area.	  	  
The	  Nina	  River	  is	  a	  fast	  flowing	  river	  that	  runs	  the	  length	  of	  this	  valley.	  It	  is	  an	  average	  of	  20	  m	  across	  
and	   the	  depth	   runs	   from	  1	  m	   in	   the	   shallows	   to	   several	  metres	  deep	   in	   the	  mid	   channel.	   It	  might	  
usually	   be	   considered	   a	   natural	   barrier	   to	   dispersal,	   although	   it	   is	   noted	   that	   kiwi	   are	   capable	   of	  
swimming	  (Holzapfel	  et	  al.,	  2008).	  At	  least	  five	  of	  the	  eight	  dispersing	  Hawdon	  birds	  monitored	  in	  the	  
translocation	   crossed	   this	   river,	   with	   at	   least	   two	   (Yogi	   and	   Booboo)	   crossing	   it	   more	   than	   once	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(excluding	  the	  substantial	  side	  tributaries).	  	  Herb,	  Spice	  and	  Clyde	  were	  found	  to	  have	  crossed	  to	  the	  
true	   left	   of	   the	   river	   at	   the	   end	   of	   this	   study.	   There	   is	   a	   swing	   bridge	   that	   crosses	   the	   river	   and	  
therefore	  a	  remote	  possibility	  that	  these	   individuals	  utilized	   it	  to	  traverse	  the	  valley,	  but	  given	  that	  
they	  are	  poorly	  sighted	  (Castro,	  2011;	  Sales,	  2005)	  this	  seems	  less	  likely.	  Even	  if	  this	  were	  the	  case,	  at	  
least	  one	  bird,	  Yogi,	  crossed	  the	  Lucretia	  Stream	  which	  itself	  is	  approximately	  10	  -­‐	  15	  m	  across,	  fast	  
flowing	  and	  over	  one	  metre	  deep.	  There	  is	  very	  little	  research	  on	  the	  swimming	  abilities	  of	  kiwi	  due	  
to	  their	  cryptic	  nature	  and	  our	  inability	  to	  visually	  capture	  such	  behaviour.	  
If	  these	  dispersal	  patterns	  are	  correct,	  the	  Nina	  River	  cannot	  be	  considered	  a	  barrier	  to	  dispersal.	  It	  is	  
then	  likely	  that	  similar	  sized	  rivers	  are	  not	  barriers	  to	  dispersal	   in	  other	  regions	  so	  this	  needs	  to	  be	  
accounted	  for	  in	  future	  translocations.	  
4.4.3 Dispersal	  away	  from	  the	  release	  sites	  
As	  an	   interesting	  side	  note,	  of	   the	   three	  Hawdon	  pairs	   that	  were	   released	  on	   the	   true	   right	  of	   the	  
Nina	  river	  between	  the	  second	  swingbridge	  and	  the	  Nina	  hut	  (see	  Figure	  13),	  none	  of	  the	  birds	  have	  
persisted	   in	   this	   area.	  With	   the	   exception	   of	  Mamaku	   (Nina	   ONE	   kiwi)	   who	   holds	   territory	   in	   the	  
upper	   reaches	  of	   the	  area	   towards	   the	  alpine	   scrub,	  we	  are	  unaware	  of	  other	   kiwi	   residing	   in	   this	  
long	  stretch	  of	  bush.	  Acoustic	  recorders	  were	  in	  place	  pre	  and	  post	  translocation	  and	  these	  have	  not	  
revealed	  conspecific	  existence	  (although	  not	  all	  of	  the	  recordings	  had	  been	  analysed	  at	  the	  time	  of	  
writing).	   There	   is	   the	   possibility	   that	   this	   zone	   has	   unquantified	   aspects	   that	   prevent	   settlement.	  
Other	   kiwi	   (possibly	   an	   untransmittered	   resident	   wild	   or	   ONE	   bird)	   residing	   here	   that	   have	   been	  
missed	  by	  the	  recorders	  could	  trigger	  intra-­‐specific	  avoidance	  in	  the	  Hawdon	  birds	  (Alcock,	  2013).	  In	  
the	   case	  of	   an	  unknown	  kiwi	   encounter,	  we	  would	  expect	   to	   see	   the	   translocated	  birds	   that	  were	  
released	  on	  this	  side	  to	  immediately	  disperse	  from	  this	  area	  as	  resident	  kiwi	  attempt	  to	  defend	  their	  
established	  territory	  (Sales,	  2005).	  Rangi	  and	  Pongo	  were	  released	  on	  the	  true	  left	  opposite	  this	  area;	  
yet	  they	  remain	  in	  the	  release	  area.	  This	  could	  warrant	  further	  study.	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Figure	  13:	  Map	  of	  the	  release	  points	  for	  the	  Hawdon	  birds	  at	  the	  translocation	  
Although	  we	  have	  a	  good	  picture	  of	  the	  overall	  territories	  held	  by	  the	  transmittered	  ONE	  birds,	  little	  
is	   known	  of	   the	   location	  and	   fate	  of	  at	   least	   four	  other	  ONE	  birds	   translocated	  between	  2012	  and	  
2013.	  While	  triangulating	  in	  the	  Nina	  Valley,	  an	  area	  of	  probe	  holes	  was	  found	  upstream	  on	  the	  true	  
left	  past	  the	  Duchess	  Stream.	  Additionally,	  much	  further	  downstream	  near	  the	  second	  swing	  bridge	  a	  
kiwi	  footprint	  was	  discovered	  (see	  Figure	  14).	  Both	  of	  these	  finds	  were	  outside	  known	  kiwi	  territories	  
and	  well	  away	   from	  the	   translocated	  Hawdon	   individuals.	   It	   is	  possible	   that	   these	  signs	  came	  from	  
one	  of	  the	  transmittered	  birds	  but	  the	  likelihood	  of	  these	  signs	  belonging	  to	  an	  untransmittered	  bird	  
should	   be	   considered.	   These	   signs	   could	   explain	   some	   of	   the	   dispersal	   behaviour	   for	   the	   Hawdon	  
individuals	  if	  they	  did	  indeed	  encounter	  a	  bird	  already	  entrenched	  in	  an	  area.	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Figure	  14:	  Kiwi	  footprint	  found	  in	  the	  Nina	  Valley,	  dated	  31st	  July	  2015.	  Photo	  by	  Vanessa	  Mander	  
Further	   reasons	   for	   dispersal	   of	   the	   Hawdon	   birds	   could	   include	   a	   stress	   response	   to	   the	  
translocation	   itself	   resulting	   in	   the	  birds	  moving	  away	   from	  the	  area	  where	   they	  have	  had	  adverse	  
experiences	  (Stamps	  &	  Swaisgood,	  2007),	  or	  affecting	  their	  decision	  making	  abilities	  (Teixeira	  et	  al.,	  
2007)	  resulting	  in	  a	  flight	  response.	  Further	  explanations	  could	  include	  novel	  site	  rejection	  (Stamps	  &	  
Swaisgood,	   2007)	   and	   poorer	   foraging	   opportunities	   i.e.	   from	   food	   competition	   or	   inferior	   habitat	  
quality	   (White	   &	   Garrott,	   1990).	   Aspects	   such	   as	   a	   perceived	   poorer	   habitat	   quality	   and	   foraging	  
opportunities	   can	   trigger	   dispersal	   especially	   in	   birds	   originating	   from	   a	   higher	   quality	   habitat	  
(Griffith	  et	  al.,	  1989;	  Stamps	  &	  Swaisgood,	  2007).	  It	  was	  assumed	  that	  the	  habitat	  quality	  in	  this	  area	  
was	  comparable	  to	  the	  source	  site	  but	  a	  habitat	  analysis	  was	  not	  conducted	  for	  this	  study.	  
4.4.4 Dispersal	  of	  Nina	  ONE	  birds	  
Patrick	  was	  considered	  extremely	  data	  deficient	  both	  pre	  and	  post	  translocation	  due	  to	  his	  suspected	  
territory	   residing	   much	   further	   up	   valley	   from	   the	   other	   transmittered	   kiwi	   currently	   under	   the	  
monitoring	   regime.	   This	   meant	   that	   monitoring	   attempts	   were	   prioritized	   to	   the	  many	   birds	   that	  
could	  be	  easily	  triangulated	  at	  the	  expense	  of	  spending	  time	  attempting	  to	  collect	  bearings	  for	  one	  
bird.	  Patrick’s	  signal	  was	  often	  heard	  through	  the	  receiver,	  however	  the	  bearings	  were	  indicative	  of	  
his	   position	   being	   many	   hours	   walk	   away	   from	   any	   other	   monitored	   bird.	   Pursuit	   towards	   his	  
indicative	  location	  would	  have	  been	  without	  the	  guarantee	  of	  achieving	  the	  full	  90o	  range	  of	  bearings	  
necessary	  for	  an	  accurate	  pinpoint	  (Neill	  &	  Jansen,	  2014).	  In	  these	  instances,	  his	  activity	  and	  general	  
	   50	  
direction	  were	  noted	  but	  a	  bearing	  attempt	  was	  abandoned.	  For	  most	  of	  the	  post-­‐monitoring	  period,	  
Patrick	  remained	  far	  up	  the	  valley	  towards	  Mt	  Hatless.	  	  
The	   remaining	   four	  Nina	  birds	  had	  either	   remained	   in	   their	   territories	  post	   translocation,	   as	   is	   the	  
case	   for	   Bella,	   Feisty	   and	   Lichen,	   or	   returned	   to	   their	   previously	   held	   territory	   by	   the	   end	   of	   the	  
study,	  as	  in	  the	  case	  of	  Mamaku.	  Mamaku	  was	  noted	  to	  shift	  substantially	  from	  his	  previously	  known	  
territory	   to	   the	  edge	  of	  Bella	  and	  Feisty’s	   territory	   in	   the	   few	  weeks	  after	   the	   translocation.	  A	   few	  
months	  later,	  Mamaku	  was	  found	  back	  in	  his	  pre	  translocation	  territory,	  where	  he	  remained	  for	  the	  
duration	  of	   the	  study.	  Although	  the	  reason	  for	  his	  movement	   is	  unknown,	   it	  did	  occur	  close	  to	  the	  
translocation	  date	  and	  he	  returned	  after	  the	  other	  Hawdon	  birds	  had	  moved	  away	  from	  below	  the	  
pre	  translocation	  territory.	  Therefore	  it	   is	  a	  possibility	  that	  as	  a	  single,	  newly	  adult	  bird,	  he	  felt	   less	  
likely	  to	  hold	  his	  territory	  in	  the	  presence	  of	  paired,	  experienced	  birds,	  or	  he	  had	  an	  encounter	  with	  
one	  of	  the	  translocated	  birds	  that	  forced	  him	  to	  cede	  his	  territory	  (Alcock,	  2013).	  However,	  this	  can	  
only	  be	  inferred	  from	  the	  data	  collected.	  Bella	  and	  Feisty	  are	  pair	  bonded	  birds	  and	  successfully	  held	  
their	   pre	   translocation	   territory	   in	   the	   presence	   of	   the	   translocated	   birds.	   Taborsky	   and	   Taborsky	  
(1999)	  postulated	  that	  kiwi	  territoriality	  could	  be	  correlated	  with	  pair	  bond	  stability;	  therefore	  if	  this	  
was	  applied	  in	  Bella	  and	  Feisty’s	  case,	  this	  may	  have	  led	  to	  a	  higher	  degree	  of	  territory	  guarding	  and	  
investment	   in	   such	   guarding	   (Alcock,	   2013).	   Lichen	   was	   the	   least	   affected	   by	   the	   translocated	  
individuals	   as	   Bella	   and	   Feisty	   buffered	   her	   territory.	   Bonnie	   was	   last	   located	   next	   to	   Lichen’s	  
territory	   at	   the	   conclusion	   of	   this	   study;	   further	   data	   collection	   may	   have	   revealed	   changes	   in	  
Lichen’s	  movement	  patterns	  with	  extended	  exposure	  to	  Bonnie’s	  presence.	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Chapter	  5	  
Territory	  formation	  
5.1 Introduction	  
Home	  range	  is	  defined	  by	  White	  and	  Garrott	  (1990)	  as	  “an	  area	  traversed	  by	  an	  individual	  in	  normal	  
activities	   of	   foraging,	   mating	   and	   caring	   for	   young”,	   though	   they	   acknowledge	   the	   definition’s	  
limitation	  due	  to	  the	  lack	  of	  a	  temporal	  component.	  A	  study	  comparing	  a	  home	  range	  in	  a	  particular	  
species	   within	   a	   single	   year	   may	   differ	   to	   a	   multi-­‐year	   analysis	   (Borger,	   Dalziel,	   &	   Fryxell,	   2008).	  
Therefore	  it	  is	  imperative	  to	  have	  a	  well-­‐formed	  question	  as	  the	  basis	  of	  a	  valid	  study	  design.	  It	  is	  also	  
important	   to	   know	   the	   sample	   size	   and	   time	   frame	   required.	   The	  optimal	   sample	   size	  may	  not	  be	  
obtained	  with	   rare	  or	  particularly	   cryptic	   species	   (Seaman	  et	  al.,	  1999).	  However,	  given	   the	  critical	  
temporal	  periods	  for	  conservation,	  some	  information	  is	  better	  than	  none	  at	  all	  (Latham	  et	  al.,	  2015).	  
The	   home	   range	   or	   territory	   size	   is	   dependent	   on	   many	   factors.	   With	   GSK	   home	   ranges,	   their	  
flightlessness	  will	   limit	   the	   size	   and	   topography	  may	   limit	   the	   shape	   (Knight	   et	   al.,	   2009).	   Habitat	  
productivity	  is	  also	  an	  aspect	  that	  determines	  the	  size	  of	  a	  home	  range	  (Whyte,	  2013)	  and	  can	  be	  a	  
function	   of	   food	   availability	   (Borger	   et	   al.,	   2008)	   and	   intra	   and	   inter	   specific	   competition	   (Alcock,	  
2013).	  Other	  determinant	  factors	  of	  the	  size	  and	  shape	  of	  a	  home	  range	  include	  predation	  pressures,	  
foraging	   ability	   and	   habitat	   type	   (Kenard,	   2001;	  White	   &	   Garrott,	   1990).	  Many	   species	   exhibit	   an	  
inverse	  relationship	  between	  population	  density	  and	  the	  size	  of	  a	  home	  range,	  with	  the	  higher	  the	  
density,	  the	  smaller	  the	  home	  range	  (Whyte,	  2013).	  However,	  there	   is	   little	   information	  on	  relative	  
densities	   of	   GSK	   in	   multiple	   geographical	   locations	   so	   this	   relationship	   is	   still	   untested	   for	   this	  
species.	  	  
Home	   range	   is	   also	   unlikely	   to	   be	   fully	   static.	   Natural	   perturbations	   relating	   to	   weather	   patterns	  
could	  easily	  change	  the	  habitat	  quality	  (Whyte,	  2013)	  and	  human	  induced	  habitat	  change	  (building	  or	  
clearing)	   is	  also	  likely	  to	  affect	  the	  shape	  of	  home	  ranges	  for	  different	  species	  (Borger	  et	  al.,	  2008).	  
Other	  factors	  like	  disease,	  season	  change,	  breeding	  and	  population	  changes	  may	  have	  flow	  on	  effects	  
to	   individual	   home	   range	   sizes	   (Borger	   et	   al.,	   2008;	   Knight	   et	   al.,	   2009;	   Schradin	   &	   Pillay,	   2006;	  
Schradin	  et	  al.,	  2010).	  
Competitor	  load	  within	  a	  territory,	  whether	  intra	  or	  interspecific	  (i.e.	  rats),	  may	  affect	  the	  long-­‐term	  
size	  and	  shape	  of	  a	  territory.	   If	   there	   is	  an	   increase	   in	  competitor	   load	  within	  a	  defended	  territory,	  
this	  may	  cause	  the	  territory	  boundaries	   to	  shift	  as	   the	  birds	  shift	   to	  areas	  with	  a	   lower	  competitor	  
load	   (Alcock,	  2013)	  and	  possibly	  reduced	  quality	  habitat	   (Borger	  et	  al.,	  2008).	  Competitor	   load	  was	  
not	   a	   variable	   tested	   for	   in	   this	   study,	   although	   predator	   control	   is	   different	   across	   both	   sites.	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Another	   reason	   for	   territory	   size	   and	   shape	   change	   could	   involve	   a	   divorce	   within	   a	   pair	   either	  
through	   human	   induced	   stress	   i.e.	   translocations	   (Teixeira	   et	   al.,	   2007),	   or	   other	  means	   including	  
food	  shortages	  and	  change	  in	  habitat	  quality	  (Borger	  et	  al.,	  2008;	  Stamps	  &	  Swaisgood,	  2007).	  In	  the	  
instances	  of	  single	  birds,	  home	  range	  may	  shift	  in	  the	  search	  of	  a	  suitable	  mate.	  
Home	  range	  evaluation	  by	  minimum	  convex	  polygons	  (MCP)	  and	  incremental	  analysis	  in	  this	  study	  is	  
looking	  at	  whether	  the	  translocated	  Hawdon	  birds	  settle	  and	  start	  defending	  a	  defined	  home	  range	  
up	   to	   six	   months	   post	   translocation.	   There	   are	   several	   reasons	   why	   this	   information	   could	   be	  
important	  in	  informing	  future	  translocations.	  If	  it	  is	  found	  that	  the	  birds	  are	  forming	  relatively	  stable	  
home	  ranges	  within	  the	  release	  area,	  then	  certain	  assumptions	  with	  regards	  to	  the	  quality	  of	  habitat	  
may	  be	  confirmed.	  Also,	  if	  they	  form	  stable	  home	  ranges	  outside	  of	  the	  release	  area	  but	  within	  the	  
time	   frame	   of	   this	   study,	   then	   more	   information	   is	   required	   into	   whether	   the	   habitat	   quality	   is	  
optimal,	   whether	   the	   translocation	   caused	   short-­‐term	   stress	   resulting	   in	   immediate	   dispersal	   or	  
there	   is	   an	   unknown	   kiwi	   already	   residing	   in	   the	   release	   area	   that	   remained	   undetected	   pre	  
translocation.	  If	  they	  do	  not	  form	  stable	  territories,	  then	  other	  factors	  need	  to	  be	  reviewed	  such	  as	  
food	  availability	  within	  the	  valley	  as	  a	  whole,	  translocation	  stress	  playing	  a	  more	   long-­‐term	  role	  on	  
survival	  instincts	  and	  intraspecific	  avoidance.	  	  
In	  addition	  to	  the	  Hawdon	  analysis,	  the	  Nina	  ONE	  bird	  home	  ranges	  will	  be	  examined	  pre	  and	  post	  
translocation	  to	  see	  whether	  they	  remain	  stable,	  increase	  or	  contract	  due	  to	  the	  introduction	  of	  the	  
Hawdon	  birds	  to	  the	  recipient	  site.	  This	  will	  primarily	  be	  an	  indicator	  to	  intraspecific	  competition	  or	  
avoidance.	  
	  
5.2 Method	  
5.2.1 Minimum	  convex	  polygons	  (MCP)	  
There	  is	  a	  trade	  off	  with	  the	  quality	  and	  quantity	  of	  points	  required	  for	  home	  range	  analysis	  (Laver	  &	  
Kelly,	  2008).	  Too	  few	  and	  you	  risk	   low	  statistical	  power	  or	  not	  revealing	  an	  entire	  home	  range,	  too	  
many	  within	   a	   short	   temporal	   span	   and	   you	   can	   encounter	   significant	   autocorrelation	   issues.	   The	  
literature	   primarily	   expresses	   home	   range	   size	   using	   two	   different	   methods	   depending	   on	   the	  
number	  of	  points	  obtained	  and	  the	  research	  question	  being	  answered.	  The	  kernel	  density	  estimator	  
(KDE)	   method	   creates	   contours	   relating	   to	   the	   intensity	   of	   use	   and	   is	   used	   to	   investigate	   habitat	  
selection	   in	   a	   particular	   species.	   Although	   the	   KDE	   is	   commonly	   used	   for	   other	   species	   in	   the	  
literature	   and	   is	   less	   sensitive	   to	   autocorrelation	   (Laver	   &	   Kelly,	   2008),	   a	  minimum	   of	   30	   location	  
points	  is	  required	  for	  KDE	  analysis	  and	  possibly	  up	  to	  50	  in	  some	  cases	  (Seaman	  et	  al.,	  1999).	  KDE	  is	  
more	  desirable	  if	  an	  optimal	  number	  of	  location	  fixes	  is	  obtained	  but	  due	  to	  the	  spatial	  arrangement,	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location	  of	   the	   study	   site	  and	  weather	   factors,	   the	  optimal	  number	  was	  not	  attained	   in	   this	   study.	  
Therefore	  the	  more	  common	  method	  of	  minimum	  convex	  polygons	  (MCP)	  was	  used.	  
The	   MCP	   is	   a	   well-­‐established	   method	   of	   representing	   home	   ranges.	   It	   is	   created	   by	   connecting	  
outlying	   points	   to	   create	   a	   polygon	   (White	   &	   Garrott,	   1990).	   	   MCP	   allows	   flexible	   shapes	   and	   is	  
relatively	   easy	   to	   calculate.	  However,	   it	   does	  not	   take	   into	   account	  natural	   barriers	   such	  as	   rivers,	  
lakes	  and	  cliffs	  and	  extra	  outlying,	  potentially	  false	  locations	  can	  artificially	  increase	  the	  home	  range	  
size	  (White	  &	  Garrott,	  1990),	  although	  Nilsen,	  Pedersen,	  and	  Linnell	  (2008)	  did	  not	  find	  evidence	  of	  
systematic	  overestimation	  of	  area	  size	  using	  MCP.	  
Previous	   research	   into	  GSK	  home	   ranges	  has	  used	   the	  MCP	  method	   (Jahn	  et	  al.,	  2013;	  Keye	  et	  al.,	  
2011)	   and	   as	   an	   established	   technique	   for	  measuring	  GSK	  home	   ranges	   it	   allows	   the	   results	   to	   be	  
more	   easily	   compared	   to	   existing	   and	   future	   research.	   The	   polygon	   created	   represents	   an	   area	  
recognized	  as	  a	  bird’s	  ‘home	  range’.	  This	  method	  was	  used	  with	  the	  understanding	  that	  it	  may	  over	  
or	  under	  estimate	  a	  home	  range	  if	  one	  point	   is	  an	  atypical	  extreme	  or	   if	  the	  furthest	  points	  of	  kiwi	  
movement	  are	  not	  captured	  in	  the	  fieldwork.	  	  
For	   this	   analysis,	   the	   location	   fixes	   were	   obtained	   using	   the	  method	   outlined	   in	   section	   “General	  
Methods”.	  The	  number	  of	  fixes	  obtained	  is	  summarized	  in	  Table	  22.	  The	  date	  range	  of	  location	  fixes	  
used	  for	  each	  bird	  pre	  and	  post	  translocation	  can	  be	  found	  in	  Appendix	  A.	  
Table	  22:	  Number	  of	  location	  points	  obtained	  for	  analysis	  
Bird	  ID	   Pre	  translocation	  (n)	   Post	  translocation	  (n)	  
Bonnie	   22	   22	  
Booboo	   13	   27	  
Clyde	   22	   10	  
Herb	   16	   24	  
Pongo	   11	   21	  
Rangi	   16	   17	  
Spice	   16	   22	  
Yogi	   25	   27	  
Bella	   26	   24	  
Feisty	   29	   21	  
Lichen	   15	   6	  
Mamaku	   16	   12	  
Patrick	   9	   4	  
	  
Each	  bird’s	  MCP	  was	  calculated	  using	  the	  Ranges	  9	  (Anatrack	  Ltd,	  UK)	  software	  package.	  The	  “convex	  
polygon”	  setting	  was	  used	  to	  define	  a	  core	  of	  95%	  with	  recalculated	  ac	  (rAc).	  The	  MCP	  core	  of	  95%	  
was	  used	  in	  accordance	  with	  White	  and	  Garrott	  (1990)	  in	  addition	  to	  Fieberg	  and	  Kochanny	  (2005),	  
who	   stated	   that	   an	   animals	   location	   95%	   of	   the	   time	   leads	   to	   a	  more	   probabilistic	   definition	   of	   a	  
home	   range.	   Removing	   the	   outlying	   5%	   removes	   anomalous	   points	   to	   tighten	   a	   probable	   home	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range.	  Geospatial	  Modeling	   Environment	   (GME)	   software	   through	  ArcGIS	  by	   Esri	  was	  used	   to	  map	  
the	  MCP	  of	  each	  bird,	  	  
Wilcoxon	   tests	  were	  applied	   to	   track	  whether	   there	  was	  a	   significant	   change	   in	  MCP	  pre	  and	  post	  
translocation	   for	   the	   Nina	   and	   Hawdon	   birds.	   Both	   Patrick	   and	   Clyde	   had	   very	   few	   points	   post	  
translocation	   for	   the	   reasons	   stated	   in	   the	   Dispersal	   Chapter.	   Therefore	   two	   separate	   tests	   were	  
conducted	  to	  determine	  whether	  the	  results	  differ	  with	  or	  without	  Patrick	  (in	  the	  Nina	  set)	  and	  Clyde	  
(in	  the	  Hawdon	  set).	  	  
5.2.2 Incremental	  analysis	  
To	   determine	   whether	   a	   bird	   had	   enough	   location	   data	   to	   reveal	   a	   home	   range	   or	   territory	   pre	  
and/or	  post	  translocation,	   incremental	  analysis	  at	  a	  95%	  single	  core	  using	  recalculated	  ac	  (rAc)	  was	  
performed	   using	   Ranges	   9.	   A	   defined	   home	   range	   or	   territory	   is	   considered	   achieved	   at	   the	   peak	  
asymptote	  (Millspaugh	  &	  Marzluff,	  2001)	  whereas	   leveling	  off	  would	   indicate	  that	  the	  MCP	  was	  no	  
longer	   growing	   and	   that	   additional	   points	   added	   to	   the	   analysis	  were	  within	   the	   same	   territory.	   If	  
there	  was	  no	  peak	  asymptote	  and	  the	  graphical	  analysis	  showed	  a	  continuously	  positive	  slope,	  then	  
additional	  location	  data	  would	  be	  needed	  over	  time	  to	  determine	  the	  true	  extent	  of	  the	  home	  range.	  
The	   “eye-­‐balling”	   technique	   is	   common	   in	   asymptote	   identification	   (Laver	   &	   Kelly,	   2008)	   and	   no	  
literature	  was	   identified	   that	   supported	   another	   standardized	  method.	   Therefore,	   subjective	   rules	  
were	  created	  so	   that	  a	  consistent	  determination	  could	  be	  made	   for	   ‘peak	  asymptote’	  achievement	  
(PAA).	  PAA	  was	  said	  to	  have	  been	  achieved	  and	  a	  theoretical	  home	  range	  fully	  revealed	  for	  the	  plots	  
that	  had	  four	  points	  at	  90%	  or	  greater.	  Peak	  asymptote	  is	  more	  likely	  to	  be	  achieved	  in	  studies	  with	  >	  
50	   points,	   however	   as	   little	   as	   30	   can	   achieve	   this	   in	   some	   studies	   (Kenard,	   2001;	   Millspaugh	   &	  
Marzluff,	   2001;	   Seaman	  et	   al.,	   1999).	   The	   location	   fixes	   used	   in	   the	   incremental	   analysis	  were	   the	  
same	  fixes	  used	  to	  create	  the	  MCPs	  for	  each	  subject	  bird	  (see	  Table	  22	  sample	  sizes).	  
	  
5.3 Results	  
5.3.1 Minimum	  convex	  polygons	  (MCP)	  
The	  pre	  translocation	  mean	  area	  occupied	  by	  Hawdon	  birds	  in	  the	  source	  region	  within	  the	  Hawdon	  
valley	   was	   45.67	   ha	   ±	   SE	   2.96.	   Post	   translocation	  within	   the	   recipient	   site	   of	   the	   Nina	   valley,	   the	  
translocated	   Hawdon	   birds	   achieved	   a	   mean	   area	   of	   289.27	   ha	   ±	   SE	   93.83.	   This	   value	   should	   be	  
viewed	   with	   caution	   as	   it	   has	   a	   substantial	   dispersal	   component	   and	   most	   likely	   no	   home	   range	  
stabilization.	   	  The	  Nina	  ONE	  birds	  prior	  to	  translocation	  have	  a	  mean	  area	  of	  104.91	  ha	  ±	  SE	  16.55.	  
Post	   translocation,	   this	  mean	  area	   increases	   to	   161.78	  ha	   ±	   SE	   109.92.	   The	   large	   error	   is	   due	   to	   a	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small	   sample	   size	   and	   skewed	   by	   Mamaku	   with	   an	   unusually	   large	   area	   post	   translocation	   when	  
compared	  to	  the	  other	  Nina	  ONE	  birds.	  All	  individual	  areas	  can	  be	  seen	  in	  Table	  23.	  
Table	  23:	  Pre	  and	  post	  translocation	  MCP	  sizes	  at	  a	  95%	  core	  (H	  –	  Hawdon,	  N	  –	  Nina)	  
Bird	  ID	   Pre	  translocation	  MCP	  
95%	  core	  (ha)	  
Post	  translocation	  MCP	  
95%	  core	  (ha)	  
Bonnie	  (H)	   56.00	   196.80	  
Booboo	  (H)	   43.21	   565.72	  
Clyde	  (H)	   42.03	   48.23	  
Herb	  (H)	   52.30	   219.55	  
Pongo	  (H)	   47.04	   43.45	  
Rangi	  (H)	   41.06	   141.55	  
Spice	  (H)	   30.28	   297.01	  
Yogi	  (H)	   53.47	   801.88	  
Bella	  (N)	   94.61	   69.25	  
Feisty	  (N)	   111.86	   88.56	  
Mamaku	  (N)	   156.31	   597.75	  
Lichen	  (N)	   53.27	   2.69	  
Patrick	  (N)	   108.48	   50.65	  
	  
The	  following	  figures	  15	  to	  18	  are	  examples	  of	  the	  pre	  to	  post	  translocation	  MCP	  shapes	  of	  the	  Nina	  
ONE	  birds.	  The	  biggest	  difference	  can	  be	  seen	  for	  Mamaku	  with	  a	  large	  post	  translocation	  MCP	  due	  
to	  a	   large	  movement	   immediately	  after	   translocation	  before	   resettling	  within	  his	  pre	   translocation	  
territory	  by	  the	  conclusion	  of	  the	  study.	  Lichen	  had	  the	  smallest	  MCP	  shape	  post	  translocation	  and	  
was	  within	  the	  pre	  translocation	  MCP.	  The	  pair	  Bella	  and	  Feisty	  remained	  close	  to	  their	  pre	  defined	  
pre	   translocation	  home	  territory.	  The	  Hawdon	  pair	  Yogi	  and	  Booboo	  had	   the	   largest	  area	   revealed	  
using	   MCP	   with	   the	   differences	   pre	   and	   post	   of	   748.41	   ha	   and	   522.51	   ha	   respectively,	   as	   seen	  
pictorially	  in	  Figure	  19.	  All	  other	  maps	  can	  be	  viewed	  in	  the	  Appendix	  A.	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Figure	  15:	  Map	  showing	  pre	  and	  post	  translocation	  MCP	  for	  Mamaku	  in	  the	  Nina	  Valley	  
	  
	  
Figure	  16:	  Map	  showing	  the	  pre	  and	  post	  translocation	  MCP	  for	  Lichen	  in	  the	  Nina	  Valley	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Figure	  17:	  Map	  showing	  pre	  and	  post	  translocation	  MCP	  for	  Bella	  in	  the	  Nina	  Valley	  
	  
Figure	  18:	  Map	  showing	  pre	  and	  post	  translocation	  MCP	  for	  Feisty	  in	  the	  Nina	  Valley	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Figure	  19:	  Map	  showing	  the	  post	  translocation	  MCP	  for	  the	  Hawdon	  pair	  Yogi	  and	  Booboo	  in	  the	  
Nina	  Valley	  
The	  release	  points	  for	  the	  Hawdon	  birds	  were	  very	  close	  together	  and	  appear	  to	  overlap	  in	  this	  map.	  
	  
Wilcoxon	  Test	  
	  
The	  Wilcoxon	  test	  showed	  that	  there	  was	  significant	  change	  in	  MCP	  size	  from	  pre	  translocation	  state	  
to	  post	   translocation	   state	   for	   the	  Hawdon	  birds	  only	   (with	  or	  without	  Clyde)	   as	   seen	   in	  Table	  24.	  
There	  was	  no	  significant	  difference	  in	  the	  Nina	  ONE	  birds	  pre	  to	  post	  translocation.	  
Table	  24:	  Wilcoxon	  tests	  results	  for	  differences	  pre	  to	  post	  area	  analysis	  
	   P	  Value	  
Hawdon	  Pre	  to	  Post	  –	  All	  birds	   0.01563	  
Hawdon	  Pre	  to	  Post	  –	  No	  Clyde	   0.03125	  
Nina	  Pre	  to	  Post	  –	  All	  birds	   0.625	  
Nina	  Pre	  to	  Post	  –	  No	  Patrick	   0.875	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5.3.2 Incremental	  Analysis	  
Of	  the	  13	  birds	  that	  were	  tested,	  2	  Hawdon	  birds	  and	  4	  Nina	  birds	  reached	  PAA	  pre	  translocation.	  In	  
the	  post	  translocation	  period	  3	  Hawdon	  birds	  and	  1	  Nina	  bird	  reached	  PAA.	  A	  full	  list	  of	  the	  birds	  with	  
the	  division	  between	  PAA	  and	  inconclusive	  results	  can	  be	  viewed	  in	  Table	  25:	  	  
Table	  25:	  Incremental	  analysis	  results	  for	  peak	  asymptote	  achievement	  (PAA)	  at	  95%	  core	  
Bird	  ID	   Origin	   Pre	  translocation	  
PAA	  
Post	  translocation	  	  
PAA	  
Bonnie	   Hawdon	   N	   N	  
Booboo	   Hawdon	   N	   Y	  
Clyde	   Hawdon	   N	   N	  
Herb	   Hawdon	   N	   N	  
Pongo	   Hawdon	   N	   N	  
Rangi	   Hawdon	   Y	   Y	  
Spice	   Hawdon	   Y	   N	  
Yogi	   Hawdon	   N	   Y	  
Bella	   Nina	   Y	   Y	  
Feisty	   Nina	   Y	   N	  
Mamaku	   Nina	   Y	   N	  
Lichen	   Nina	   Y	   N	  
Patrick	   Nina	   N	   N	  
	  
In	  the	  pre	  translocation	  phase,	  Rangi	  is	  an	  example	  of	  a	  bird	  that	  reached	  PAA.	  Figure	  20	  shows	  how	  
this	  bird	  exceeded	  the	  four	  points	  above	  90%	  rule	  as	  outlined	  by	  the	  rules	  previously	  stated	   in	  the	  
method.	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Figure	  20:	  Incremental	  plot	  for	  Rangi	  in	  the	  pre	  translocation	  phase	  at	  95%	  core	  
Additionally	   in	   the	   pre	   translocation	   phase	   Clyde	   is	   an	   example	   of	   a	   bird	   that	   did	   not	   meet	   the	  
requirements	  to	  determine	  PAA	  as	  seen	  in	  Figure	  21.	  
	  
Figure	  21:	  Incremental	  plot	  for	  Clyde	  in	  the	  pre	  translocation	  phase	  at	  95%	  core	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There	  were	  a	  few	  examples	  where	  it	  appears	  that	  the	  birds	  have	  settled	  in	  an	  area,	  only	  to	  disperse	  
later	   in	   the	   study	  period.	  The	   incremental	  analysis	  plot	   for	  Herb	  post	   translocation	   shows	   that	   the	  
first	   15	   points	   were	   in	   a	   relatively	   confined	   area	   as	   seen	   in	   Figure	   22.	   This	   was	   termed	   a	   ‘proto-­‐
territory’	   and	   is	   further	   explained	   in	   the	   discussion	   section	   of	   this	   chapter.	   After	   this	   point,	   Herb	  
continues	  to	  disperse	  across	  the	  valley	  and	  the	  incremental	  plot	  was	  inconclusive	  at	  the	  end	  of	  this	  
study.	  This	  movement	  was	  similar	  to	  that	  of	  his	  paired	  mate	  Spice.	  
	  
	  
Figure	  22:	  Incremental	  plot	  for	  Herb	  in	  the	  post	  translocation	  phase	  at	  95%	  core	  
	  
5.4 Discussion	  
5.4.1 Home	  range	  size	  
In	   the	  Hawdon	  birds	   (with	  or	  without	   the	  Clyde	  data),	   there	  was	  an	   increase	   from	   the	  pre	   to	  post	  
translocation	  territory	  size	  that	  is	  statistically	  significant.	  This	   is	  consistent	  with	  the	  higher	  dispersal	  
seen	  with	  the	  majority	  of	  the	  Hawdon	  birds	  as	  most	  have	  left	  the	  release	  area	  (with	  the	  exception	  of	  
Rangi	  and	  Pongo).	  Prior	  to	  translocation,	  all	  of	  these	  pairs	  had	  stable	  defended	  territory	  within	  the	  
Hawdon	   Valley	   (pers	   comms,	   Sandy	   Yong	   from	   DoC,	   2014)	   and	   therefore	   any	   dispersal	   prior	   to	  
translocation	  was	  minimal.	   It	  was	  also	  found	  that	  the	  Nina	  ONE	  birds,	  with	  or	  without	  Patrick	  data,	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pre	   and	  post	   translocation	   territory	   sizes	  were	  not	   significantly	  different.	   This	   supports	   the	   lack	  of	  
dispersal	  by	  all	  the	  monitored	  Nina	  ONE	  birds	  from	  their	  previously	  held	  territory.	  	  
It	   is	   worth	   noting	   that	   in	   these	   tests,	   the	   statistical	   power	   is	   low	   due	   to	   the	   very	   small	   data	   set	  
(Motulsky,	  1995).	  Small	  sample	  sizes	  are	  problematic	  in	  that	  they	  are	  inherently	  prone	  to	  anomalies	  
caused	  by	   individuals	   skewing	  data	   (Zuur	   et	   al.,	   2010),	   especially	  when	  dealing	  with	   the	  Nina	  ONE	  
birds	  where	  the	  sample	  size	  was	  reduced	  to	  four	  individuals	  in	  the	  “no	  Patrick”	  data	  set.	  This	  can	  be	  
an	   issue	   if	   the	   information	   is	   then	  used	   to	  make	   inferences	   at	   the	  population	   level	   (Latham	  et	   al.,	  
2015).	  
Hawdon	  birds	  
Prior	   to	   the	   translocation,	   the	  Hawdon	  paired	  birds	  were	  considered	  by	  DoC	  to	  be	  holding	  defined	  
territories.	   This	  was	   calculated	   in	   this	   study	   to	   be	   a	  mean	   area	   held	   of	   45.67	   ha	   ±	   SE	   2.96.	   In	   the	  
North	   Branch	   Hurunui	   (Arthurs	   Pass	   District),	   Keye	   (2008)	   followed	   10	   radio	   tagged	   GSK	   from	  
December	  2007	  to	  April	  2008	  and	  found	  that	  the	  estimated	  home	  ranges	  had	  a	  mean	  of	  29.3	  ha	  for	  
adults.	  Additionally,	  in	  the	  study	  conducted	  by	  Jahn	  (2012),	  it	  was	  found	  that	  the	  mean	  home	  range	  
size	   in	  the	  Lake	  Rotoiti	  region	  for	  monitored	  GSK	  birds	  was	  28.0	  ha	  ±	  SE	  6.7.	  Metzler	  (2011)	  used	  a	  
combination	   of	   MCP	   and	   KDE	   in	   a	   study	   looking	   at	   GSK	   chick	   home	   range	   and	   dispersal.	   Chicks	  
showed	  MCPs	  of	  22	  ha	   to	  77	  ha.	  Comparing	   these	   results	  with	   the	  Hawdon	  birds’	  MCP,	   it	  appears	  
that	   they	   either	   had	   a	   larger	   home	   range	   or	   territory	   than	   the	   North	   Branch	   Hurunui	   and	   Rotoiti	  
birds,	  or	  these	  MCP	  are	  higher	  than	  the	  actual	  territory	  held	  by	  the	  Hawdon	  birds.	  In	  the	  incremental	  
analysis,	  many	  of	   the	  Hawdon	  birds	  did	  not	  have	  enough	  points	   to	  reveal	  a	  complete	  home	  range;	  
therefore	  it	  is	  possible	  that	  the	  MCP	  overestimates	  (or	  potentially	  underestimates)	  their	  actual	  home	  
range	  (Seaman	  et	  al.,	  1999;	  White	  &	  Garrott,	  1990).	  It	  is	  also	  possible	  that	  there	  were	  several	  outlier	  
points	   that	  have	  artificially	   increased	  the	  MCP	  size	   (White	  &	  Garrott,	  1990),	  especially	   in	   the	  cases	  
where	  fewer	  points	  were	  used,	  such	  as	  with	  Pongo	  (n=11)	  and	  Booboo	  (n=13).	  It	  is	  also	  important	  to	  
acknowledge	  the	  time	  scale	   in	  which	  the	  data	  points	  were	  collected.	  Bonnie,	  Clyde	  and	  Rangi	  have	  
the	  longest	  time	  scale	  at	  five,	  five	  and	  four	  years	  respectively.	  This	  can	  have	  an	  impact	  on	  their	  MCP	  
as	   their	   territories	   may	   shift	   seasonally	   and	   possibly	   yearly	   with	   positive	   recruitment	   within	   the	  
valley.	  Therefore	  the	  MCPs	  that	  are	  created	  need	  to	  be	  defined	  in	  context	  of	  the	  time	  the	  data	  was	  
collected	  (White	  &	  Garrott,	  1990).	  	  
Post	  translocation	  there	  is	  a	  substantial	  change	  in	  MCP	  sizes,	  mostly	  due	  to	  dispersal.	  All	  the	  Hawdon	  
birds	  had	  the	  opportunity	  to	  disperse	  from	  the	  release	  area	  and	  can	  explore	  the	  new	  surroundings.	  If	  
this	  dispersal	  and	  exploratory	  period	  exceeded	  the	  study	  period,	  which	  appeared	  to	  be	  the	  case	  with	  
Herb,	   Spice,	   Pongo,	   Bonnie	   and	   Booboo	   (as	   at	   2nd	   December	   2015),	   then	   home	   range	   territory	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formation	   may	   not	   have	   started	   or	   been	   completed.	   The	   Hawdon	   birds	   appeared	   to	   disperse	  
extensively	  with	  the	  exception	  of	  Rangi	  and	  Pongo	  who	  both	  remained	  in	  the	  general	  release	  area.	  	  
With	  a	  mean	  MCP	  size	  for	  the	  Hawdon	  birds	  of	  289.27	  ha	  ±	  SE	  93.83,	  it	  is	  over	  600%	  larger	  than	  the	  
pre	  translocation	  size.	  We	  know	  by	  looking	  at	  the	  dispersal	  data	  and	  from	  anecdotal	  observations	  in	  
the	  field	  that	  all	  the	  Hawdon	  birds,	  with	  the	  exception	  of	  Rangi	  and	  Pongo,	  left	  their	  area	  of	  release	  
and	  by	  the	  study	  end,	  were	  located	  several	  kilometres	  away.	  This	  would	  have	  the	  effect	  of	  increasing	  
the	  MCP	  size,	  as	  each	  dispersal	  point	   is	  added	  to	  the	  analysis.	  A	   longer-­‐term	  of	  data	  collection	  and	  
analysis	   of	   data	   with	   dispersal	   movements	   removed	   would	   more	   accurately	   determine	   a	   post	  
translocation	  territory	  for	  these	  birds.	  	  
Clyde’s	  MCP	  post	  translocation	  is	  misleading,	  as	  it	  is	  reliant	  on	  only	  10	  points	  post	  translocation.	  The	  
95%	  core	  MCP,	  by	  definition,	  removes	  the	  final	  point	  that	  is	   located	  more	  10.3	  km	  from	  his	  release	  
burrow.	  Rangi	  and	  Pongo	  are	   the	  only	  pair	  of	   translocated	  birds	   to	   remain	  within	   the	   release	  area	  
and	   as	   a	   consequence,	   have	   the	   lowest	  MCP	   area	   (with	   the	   exception	   of	   Clyde)	   at	   141.55	   ha	   and	  
43.45	  ha	  respectively.	  Although	  there	  may	  have	  been	  some	  dispersal	  element	  to	  the	  post	  MCP,	  due	  
to	  the	  relatively	  close	  proximity	  of	  the	  release	  burrows	  to	  their	  position	  at	  the	  end	  of	  this	  study,	  the	  
MCPs	   for	   this	   set	   of	   birds	   are	   likely	   to	  be	   closer	   to	   the	   true	  home	   ranges	   than	   those	   seen	   for	   the	  
other	  Hawdon	  birds.	  	  
Nina	  ONE	  birds	  
The	  Nina	  ONE	  birds	  pre	  translocation	  have	  much	  larger	  territories	  than	  expected	  at	  a	  mean	  of	  104.91	  
ha	  ±	  SE	  16.55.	  This	  covers	  a	  similar	  temporal	  span	  as	  the	  Hawdon	  birds	  pre	  translocation.	  The	  data,	  
however,	  is	  likely	  to	  include	  some	  dispersal	  attempts.	  The	  ONE	  birds	  were	  translocated	  back	  into	  the	  
wild	  after	  crèching	  between	  January	  2011	  and	  February	  2012,	  therefore	  movement	  over	  time	  would	  
have	  occurred	  as	  each	  bird	  established	  its	  own	  territory	  (Doerr	  &	  Doerr,	  2005).	  This	  possible	  dispersal	  
data	  could	  not	  be	  removed	  from	  the	  analysis	  and	  therefore	  the	  mean	  would	  be,	  as	  a	  consequence,	  
artificially	  high.	  
After	  translocation,	  the	  MCP	  areas	  for	  the	  ONE	  birds	  remains	  high	  at	  161.78	  ha	  ±	  SE	  109.92.	  This	  is	  
due	  to	  a	  combination	  of	  several	  factors.	  Mamaku	  appeared	  to	  initially	  abandon	  his	  known	  territory	  
only	  to	  return	  a	  few	  months	  later.	  This	  extreme	  movement	  was	  then	  incorporated	  into	  his	  MCP	  and	  
gave	  a	  large	  area	  of	  598	  ha.	  Mamaku’s	  pre	  translocation	  territory	  was	  a	  reasonably	  flat	  terrace,	  but	  a	  
spur	   in	   front	   obscured	   the	   direct	   line	   of	   sight	   from	   the	   valley	   floor.	   This	  made	   triangulation	   very	  
difficult	  (often	  impossible)	  and	  therefore	  Mamaku’s	  movements	  should	  be	  interpreted	  with	  caution.	  
The	  mean	  standard	  error	  indicates	  that	  the	  small	  sample	  size	  and	  the	  extreme	  range	  of	  MCPs	  seen	  in	  
this	  set,	  more	  points	  would	  have	  been	  required	  to	  obtain	  a	  more	  accurate	  estimate	  their	  home	  range	  
size	  post	  translocation.	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On	  the	  other	  end	  of	  the	  continuum,	  Lichen	  had	  a	  post	  translocation	  MCP	  of	  2.69	  ha	  (n=6),	  which	  was	  
wholly	   within	   her	   pre	   translocation	   MCP.	   Additional	   points	   may	   have	   been	   required	   to	   more	  
accurately	   portray	   Lichen’s	   home	   range.	   There	   is	   also	   the	   possibility	   that	   Lichen	   uses	   a	   very	   small	  
number	   of	   roosting	   burrows,	   clustered	   close	   together.	   The	   Gasson	   (2005)	   report	   mentioned	   that	  
daytime	   indications	   of	   location	   are	   not	   necessarily	   an	   accurate	   gauge	   of	   home	   range	   as	   kiwi	  may	  
move	   much	   further	   afield	   during	   night	   time	   feeding	   foraging,	   and	   this	   could	   explain	   Lichen’s	  
calculated	  territory	  size.	  Additional	  points	  in	  this	  case	  may	  not	  have	  fully	  revealed	  the	  true	  extent	  of	  
her	  range,	  which	  may	  only	  fully	  be	  determined	  with	  nighttime	  triangulation.	  It	  is	  clear	  from	  the	  MCPs	  
of	  the	  Bella/Feisty	  pair	  and	  those	  of	  Lichen	  that	  they	  have	  remained	  faithful	  to	  the	  general	  territories	  
formed	  prior	  to	  the	  translocation.	  
5.4.2 Territory	  establishment	  	  
Using	   incremental	   analysis	   it	   was	   determined	   that	   46%	   of	   the	   birds	   reached	   PAA	   in	   the	   pre	  
translocation	  phase	  and	  31%	  in	  the	  post	  translocation	  phase.	  
At	  the	  end	  of	  the	  study,	  the	  sixth	  month	  mark	  post-­‐translocation,	  the	  only	  complete	  pair	  to	  achieve	  
PAA	  was	  Booboo	  and	  Yogi.	  This	  would	  tend	  to	  indicate	  a	  territory	  formation	  but	  with	  a	  large	  home	  
range	   calculated	  of	  566	  ha	  and	  801	  ha	   respectively,	   it	   is	  possible	   that	   they	  are	   still	   dispersing,	  but	  
within	  the	  area	  defined	  by	  the	  MCP	  (White	  &	  Garrott,	  1990).	  I	  was	  unable	  to	  determine	  whether	  the	  
other	  pairs	   formed	  stable	   territories	  as	  no	  other	  pair	   reached	  PAA.	  The	  single	  birds	   Lichen,	  Patrick	  
and	  Mamaku	  were	   relatively	  data	  deficient	   in	   the	  post	   translocation	  phase,	  meaning	   that	  PAA	  was	  
unlikely.	  
With	   the	   exception	   of	   Rangi,	   Pongo	   and	   Clyde,	   all	   other	   Hawdon	   birds	   continue	   to	   have	   large	  
dispersal	   elements	   in	   their	  MCPs.	   If	  more	   location	   fixes	   could	  have	  been	  obtained	   then	   there	  may	  
have	   been	   more	   clarity	   on	   dispersal	   movements	   versus	   settling	   behaviour	   and	   a	   more	   definitive	  
answer	  could	  have	  been	  given	  to	  whether	  any	  of	  the	  kiwi	  were	  likely	  forming	  stable	  territories.	  There	  
was	   a	   lack	   of	   PAA	   achievement	   post	   translocation	   for	   the	   Nina	   birds	   Feisty,	  Mamaku,	   Lichen	   and	  
Patrick.	   This	   could	  be	   the	   result	   of	   disturbance	  post	   translocation	  of	  Nina	  birds	  due	   to	   acoustic	   or	  
visual	  encounters	  with	  unfamiliar	  birds	  (Alcock,	  2013).	  This	  might	  cause	  the	  Nina	  birds	  to	  leave	  their	  
previously	  held	   territories.	  Mamaku,	   in	  particular	  shows	  behaviour	   that	  maybe	  consistent	  with	   this	  
idea.	  It	  was	  seen	  in	  the	  field	  that	  Mamaku	  left	  his	  usual	  area	  above	  the	  newly	  released	  Hawdon	  birds	  
and	  shifted	  much	  closer	  to	  the	  Nina	  hut.	  He	  then	  moved	  back	  again	  to	  his	  previously	  held	  area.	  	  
Of	  the	  birds	  that	  reached	  PAA	  either	  pre	  or	  post	  translocation	  from	  Table	  25,	  it	  took	  an	  average	  of	  18	  
points	  for	  those	  birds	  to	  satisfy	  the	  criteria	  defined	  in	  the	  methods.	  	  However,	  no	  PAA	  was	  achieved	  
for	  some	  birds,	  even	  with	  many	  more	  points.	  In	  Jahn	  (2012),	  the	  home	  ranges	  of	  the	  study	  birds	  were	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revealed	  with	  as	   little	  as	  16	   location	  points.	  That	  study,	  however,	  was	  conducted	  over	  a	  very	  short	  
temporal	   window	   in	   stable	   territories,	   whereas	   the	   current	   study	   had	   the	   added	   complication	   of	  
dispersing	   birds	   in	   a	   new	   habitat	   and	   the	   use	   of	   data	   collected	   over	   several	   years	   prior	   to	  
translocation	  with	  few	  points	  in	  between.	  
Of	   the	   birds	   that	   did	   reach	   PAA	   according	   to	   the	   definition,	   Rangi	   was	   a	   good	   example	   of	   a	   bird	  
reaching	  the	  PAA	  under	  the	  mean	  of	  18	  points.	  This	  was	  achieved	  due	  to	  his	  movements	  in	  the	  first	  
few	  months	  around	   the	  periphery	  of	  his	  MCP	  and	   subsequent	  movement	  within	   it.	   This	  moderate	  
dispersal	  at	  the	  beginning	  had	  the	  effect	  of	  giving	  a	  large	  MCP	  at	  the	  first	  few	  points,	  which	  was	  then	  
large	  enough	  to	  encompass	  any	  other	  movements	  within	   it	  and	  therefore	  future	  points	  were	  more	  
likely	   to	   land	  within	   the	  pre-­‐determined	  boundary	   (White	  &	  Garrott,	  1990).	  This	  explanation	   is	   the	  
most	  probable	  reason	  Yogi	  and	  Booboo	  also	  reached	  PAA.	  They	  had	  large	  erratic	  movements	  on	  both	  
sides	  of	   the	   valley	   from	  earlier	   on	   in	   the	   study	  period.	   Bella	   had	   large	  overlap	   in	   his	   pre	   and	  post	  
translocation	   MCPs	   and	   this	   likely	   explains	   why	   he	   achieved	   PAA.	   He	   did	   not	   appear	   to	   move	  
substantially	  after	  translocation.	  
In	  the	  cases	  where	  PAA	  was	  not	  achieved	  pre	  translocation,	  there	  are	  several	  factors	  that	  need	  to	  be	  
considered.	  There	  can	  be	  annual	  variation	  in	  kiwi	  territories	  due	  to	  landscape	  changes,	  such	  as	  heavy	  
rain	  or	  another	  natural	  event	  (Knight	  et	  al.,	  2009)	  and	  conspecific	  competition	  could	  change	  the	  size	  
and	   shape	  of	   a	   territory	   (Alcock,	   2013).	  Moreover,	   although	   it	  may	  be	  widely	   accepted	   that	   these	  
individuals	   do	  have	   a	  defined	  home	   range,	   if	   the	  points	   are	   temporally	   spaced	   far	   apart	   then	  PAA	  
may	  not	  be	  achieved	  due	  to	  seasonal	  variations.	  This	  is	  particularly	  relevant	  to	  all	  the	  study	  birds,	  as	  
most	   data	   has	   been	   collected	   for	   up	   to	   five	   years	  with	   only	   a	   few	   points	   each	   year.	   Therefore,	   a	  
greater	  number	  of	  points	  within	  a	  shorter	  temporal	  span	  could	  potentially	  reveal	  a	  full	  home	  range	  
or	  territory,	  though	  careful	  consideration	  needs	  to	  be	  taken	  to	  avoid	  autocorrelation	  (Laver	  &	  Kelly,	  
2008).	  The	  length	  of	  this	  study	  may	  not	  have	  been	  adequate	  to	  obtain	  enough	  points	  to	  fully	  reveal	  
home	   range	   within	   a	   designated	   season.	   This	   is	   a	   known	   challenge	   for	   GSK	   research	   due	   to	   the	  
locations	  and	  terrain	  the	  species	  resides	  in.	  
In	  the	  context	  of	  this	  study,	  proto-­‐territory	  formation	  is	  where	  there	  appears	  to	  be	  a	  stall	  in	  dispersal	  
and	   possible	   territory	   formation	   beginning,	   only	   to	   have	   dispersal	   continue	   several	   months	   later.	  
Proto-­‐territory	  formation	  is	  not	  immediately	  apparent	  when	  looking	  at	  an	  MCP	  shape	  and	  size	  but	  is	  
identified	   when	   looking	   at	   the	   incremental	   analysis.	   Proto-­‐territory	   formation	   and	   subsequent	  
abandonment	  was	  seen	  specifically	  for	  Herb	  and	  Spice	  and	  to	  a	  lesser	  extent	  with	  Yogi	  and	  Booboo.	  
Figure	   22	   (Herb)	   shows	   that	   by	   point	   15	   there	   was	   a	   substantial	   flattening	   of	   the	   curve	   with	   a	  
majority	   of	   the	   points	   falling	   within	   a	   defined	   area	   or	   proto-­‐territory.	   	   This	   graph	   shape	   was	  
consistent	  between	  both	  Herb	  and	  Spice.	  After	  point	  15	  Herb	  and	  Spice	  had	  shifted	  to	  the	  other	  side	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of	   the	  Nina	  River,	  and	  were	   then	  very	  difficult	   to	   triangulate	  due	   to	   the	   terrain.	  By	   the	  end	  of	   this	  
study,	  there	  were	  an	  insufficient	  number	  of	  points	  to	  determine	  if	  these	  birds	  were	  forming	  territory	  
in	  this	  new	  location.	  A	  lack	  of	  site	  fidelity	  (White	  &	  Garrott,	  1990)	  is	  apparent	  for	  this	  proto-­‐territory	  
abandonment	   behaviour	   in	   both	   Hawdon	   pairs.	   Although	   the	   term	   “proto-­‐territory”	   was	   coined	  
specifically	   for	   this	   study,	   further	   research	   into	   temporary	   territory	   formation	   and	   abandonment	  
would	  be	  of	  benefit	  for	  future	  translocations.	   If	  factors	  can	  be	  identified	  as	  to	  why	  a	  newly	  formed	  
territory	  is	  subsequently	  abandoned,	  then	  future	  release	  sites	  can	  be	  screened	  with	  this	  knowledge.	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Chapter	  6	  
Pair	  bond	  survival	  
6.1 Introduction	  
Overlap	  analysis	  is	  used	  to	  show	  the	  social	  interactions	  between	  known	  pairs.	  It	  is	  well	  documented	  
that	  paired	  GSK	  share	  some	  common	  territory	  that	  is	  actively	  defended	  (Sales,	  2005;	  Shepherd	  et	  al.,	  
2012;	  Taborsky	  &	  Taborsky,	  1999).	  Paired	  birds	  actively	  exclude	  others	  as	  seen	  in	  the	  lack	  of	  overlap	  
between	  neighbouring	  non-­‐paired	  GSK	  in	  the	  study	  by	  Keye	  (2008).	  For	  such	  analysis,	  it	  is	  imperative	  
that	  the	  specific	  timescale	  is	  identified	  for	  results	  to	  be	  comparable	  between	  studies.	  
Timescales	  are	  important	  if	  the	  possibility	  of	  seasonal	  shifts	  in	  kiwi	  home	  range	  due	  to	  the	  availability	  
of	  food	  is	  considered.	  Season	  is	  likely	  to	  influence	  sun	  hours,	  rainfall	  and	  shading	  within	  a	  valley,	  and	  
may	  have	  flow	  on	  effects	  for	  food	  sources.	  In	  a	  study	  by	  Schradin	  and	  Pillay	  (2006)	  on	  the	  seasonal	  
home	  range	  changes	  of	  female	  striped	  mice	  (Rhabdomys	  pumilio),	  they	  found	  that	  there	  was	  a	  shift	  
in	   home	   range	   to	   areas	   of	   higher	   protein	   plant	   matter	   around	   breeding.	   In	   the	   kiwi	   context,	  
additional	  shading	  and	  higher	  rainfall	  may	  inhibit	   invertebrate	  activity	  (Plum,	  2005)	  and	  therefore	  a	  
kiwi	  may	  need	  to	  shift	  its	  defended	  territory	  accordingly.	  Although	  some	  animals	  have	  the	  ability	  to	  
mitigate	   seasonality	   through	  migration	   (Schradin	   &	   Pillay,	   2006),	   this	   is	   not	   the	   case	   for	   flightless	  
birds,	  therefore	  more	  spatially	  constrained	  movements	  need	  to	  be	  considered.	  
Overlap	  analysis	  is	  an	  important	  tool	  that	  can	  be	  utilized	  to	  determine	  the	  success	  or	  failure	  of	  pair	  
bonds	  during	  the	  translocation	  process.	  Established	  pairs	  are	  preferable	  for	  translocation	  due	  to	  kiwi	  
being	  strongly	  monogamous	  and	  artificial	  pairs	  (where	  a	  single	  male	  and	  female	  are	  released	  in	  close	  
proximity)	   are	   known	   to	   be	   less	   successful	   at	   limiting	   dispersal	   (Armstrong	  &	  Craig,	   1995;	  Gasson,	  
2005).	   Additionally,	   if	   pair	   bonds	   remain	   intact	   following	   a	   translocation,	   this	   may	   encourage	  
breeding	  in	  the	  subsequent	  breeding	  season	  and	  help	  limit	  further	  dispersal	  at	  this	  time	  (Armstrong	  
&	  Craig,	  1995).	  
To	   determine	   whether	   paired	   birds	   remained	   paired	   post	   translocation,	   the	   overlap	   of	   minimum	  
convex	  polygons	  (MCP)	  between	  individual	  territories	  was	  used	  as	  a	  proxy.	  If	  the	  mean	  overlap	  pre	  
and	  post	  translocation	  is	  not	  significantly	  different,	  then	  it	  could	  be	  considered	  that	  the	  pairs	  more	  
likely	  did	  not	  divorce.	  It	  was	  considered	  that	  this	  would	  be	  a	  robust	  enough	  measure	  in	  the	  absence	  
of	  direct	  observation.	  	  
Overlap	  analysis	  can	  be	  overestimated	  in	  cases	  where	  MCP	  is	  used,	  especially	  when	  it	  is	  not	  known	  
what	  effect	  the	  utilization	  distribution	  has	  on	  those	  interactions	  (Fieberg	  &	  Kochanny,	  2005).	  This	  can	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be	   somewhat	   mitigated	   by	   looking	   at	   MCP	   at	   different	   cores	   (95%,	   75%	   50%	   etc.)	   (Fieberg	   &	  
Kochanny,	   2005).	   	   To	   further	   support	   the	   interpretation	   of	   the	   individuals	   being	   “paired”	   in	   this	  
study,	   the	   three	   values	   were	   used	   to	   determine	   if	   each	   pair	   spent	   more	   of	   their	   time	   in	   smaller	  
overlapping	  cores.	  
	  
6.2 Method	  
6.2.1 Overlap	  analysis	  
Pre	  and	  post	  translocation	  MCPs	  were	  determined	  for	  each	  individual	  paired	  bird	  in	  this	  study:	  Bella	  
and	  Feisty	  (Nina),	  and	  Booboo,	  Yogi,	  Rangi,	  Pongo,	  Bonnie,	  Clyde,	  Herb	  and	  Spice	  (Hawdon	  and	  Nina).	  
All	  pairs	  were	  determined	  to	  be	  “pair	  bonded”	  pre	  translocation	  by	  DoC	  based	  on	  their	  histories	  of	  
capture	  and	  territorial	  locationa	  and/or	  breeding	  attempts.	  These	  MCPs	  were	  calculated	  in	  Ranges	  9	  
(Anatrack	  Ltd,	  UK)	  as	  described	  the	  Home	  Range	  chapter,	  but	  using	  three	  different	  core	  values:	  95%	  
(as	  used	  in	  the	  home	  ranges	  analyses),	  75%	  and	  50%.	  
Using	   Ranges	   “Overlap	   Analysis”	   tool	   at	   each	   of	   these	   core	   levels,	   a	   percentage	   of	   overlap	   was	  
calculated	  between	  each	  pair.	  The	  mean	  value	  of	  the	  individuals’	  core	  percentage	  overlap	  was	  used	  
to	  represent	  the	  total	  overlap	  for	  pre	  and	  post	  translocation	  analysis.	  	  
6.2.2 Wilcoxon	  test	  
To	  test	  the	  significance	  of	  the	  difference	  of	  the	  mean	  overlap	  percentages	  pre	  and	  post	  translocation,	  
paired	  Wilcoxon	  tests	  were	  applied	  using	  R	  Studio	  (RStudio	  Team,	  USA).	  Tests	  were	  performed	  for	  all	  
three	  overlap	  core	  levels,	  and	  both	  including	  and	  excluding	  the	  sole	  Nina	  pair,	  Bella	  and	  Feisty.	  	  
	  
6.3 Results	  
6.3.1 Overlap	  analysis	  
The	  core	  overlaps	  calculated	   for	   the	  pairs	   showed	  a	   significant	  overlap	  at	  95%	  core	   treatment	  and	  
decreasing	  mean	  percentage	  of	  overlap	  as	   the	  core	  size	   treatment	  was	  reduced	  to	  50%.	  The	  mean	  
percentage	  overlaps	  of	  all	  known	  pairs	  pre	  translocation	  are	  74.88	  ±	  2.33	  at	  95%,	  54.49	  ±	  8.18	  at	  75%	  
and	  34.87	  ±	  15.43,	  at	  50%	  cores.	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Table	  26:	  Percentage	  overlap	  between	  pairs	  as	  a	  function	  of	  core	  size	  (%)	  
Pair	  	   	  	  	  	  	  	  	  Core	  95%	   	  	  	  	  	  	  	  Core	  75%	   	  	  	  	  	  	  	  Core	  50%	  
	   Pre	   Post	   Pre	   Post	   Pre	   Post	  
Bella	  -­‐	  Feisty	   74.19	   83.875	   70.285	   43.7	   2.39	   0	  
Bonnie	  -­‐	  Clyde	   70.76	   23.27	   58.195	   0	   41.975	   0	  
Booboo	  -­‐	  Yogi	   69.96	   68.71	   65.82	   48.565	   47.32	   0	  
Herb	  -­‐	  Spice	   76.64	   42.55	   23.73	   58.51	   0	   55.835	  
Rangi	  -­‐	  Pongo	   82.87	   51.83	   54.43	   58.35	   82.685	   0	  
	  
Clyde	   was	   found	   deceased	   on	   the	   26th	   June	   2015	   more	   than	   10	   km	   away	   from	   the	   release	   site,	  
indicating	   extreme	   dispersal	   away	   from	   the	   valley.	   Therefore	   results	   for	   Bonnie	   and	   Clyde	   post	  
translocation	  are	  based	  on	  only	  8	  days	  data	  for	  Clyde	  post	  translocation.	  
Figure	   23	   shows	   the	   extent	   of	   the	   post	   translocation	   overlap	   between	   the	   pair	   Rangi	   and	   Pongo.	  
Rangi	  and	  Pongo	  have	  significant	  overlap	  at	  51.83	  at	  95%	  core	  and	  58.35	  at	  the	  75%	  core.	  
	  
Figure	  23:	  Rangi	  and	  Pongo	  post	  translocation	  MCP	  at	  95%	  core	  
	  
6.3.2 Wilcoxon	  test	  
There	  was	  no	   significant	  difference	  between	  pre	  overlap	  and	  post	  overlap	  at	  all	   cores	  used	  with	  P	  
values	  all	  ranging	  higher	  than	  0.05.	  Even	  at	  the	  95%	  overlap	  using	  the	  most	  data	  points	  available	  the	  
smallest	   P	   value	   returned	   was	   still	   only	   0.125	   with	   the	   removal	   of	   the	   Nina-­‐based	   pair	   Bella	   and	  
Feisty	  (Table	  27).	  	  
Legend
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Table	  27:	  Wilcoxon	  test	  comparing	  differences	  between	  pre	  and	  post	  translocation	  overlap	  
Pair	  analysis	   Core	  95%	  (P	  value)	   Core	  75%	  (P	  value)	   Core	  50%	  (P	  value)	  
With	  Bella	  and	  Feisty	   0.1875	   0.625	   0.4375	  
Without	  Bella	  and	  Feisty	   0.125	   0.875	   0.625	  
	  
6.4 Discussion	  
6.4.1 Home	  range	  overlap	  of	  established	  pairs	  
The	  Wilcoxon	  tests	  for	  the	  treatment	  looking	  exclusively	  at	  the	  Hawdon	  paired	  birds	  showed	  a	  lack	  of	  
difference	  in	  pre	  to	  post	  translocation	  overlap.	  An	  interpretation	  of	  this	  result	  would	  suggest	  that	  the	  
birds	  remained	  bonded	  after	  the	  translocation.	  The	  null	  hypothesis	  is	  that	  both	  groups	  (pre	  and	  post	  
translocation)	   are	   the	   same	   (Motulsky,	   1995).	   The	   alternative	   hypothesis	   was	   that	   there	   was	   a	  
significant	  change	  in	  the	  pre	  vs.	  post	  overlap	  and	  this	  threshold	  was	  not	  met	  due	  to	  the	  P	  value	  being	  
greater	  than	  0.05	  across	  all	  fields,	  therefore	  the	  original	  hypothesis	   is	  not	  rejected.	  However,	  these	  
results	   need	   to	   be	   interpreted	  with	   caution	   due	   to	   the	   small	   sample	   of	   size	   of	   pairs	   (n=4	   for	   the	  
Hawdon	   pairs	   only)	   and	   the	   small	   GPS	   data	   set	   size	   for	   each	   individual	   bird	   both	   pre	   and	   post	  
translocation	  used	  to	  created	  the	  MCP	  on	  which	  the	  overlap	  is	  modeled	  on.	  The	  problem	  with	  small	  
studies	  (such	  as	  the	  current	  study)	  is	  that	  they	  can	  lack	  statistical	  power	  (Motulsky,	  1995;	  Zuur	  et	  al.,	  
2010).	  	  
It	   was	   found	   that	   overlap	   between	   pairs	  was	   greatest	   at	   a	   core	   set	   of	   95%	   of	   the	  MCP.	   This	  was	  
consistent	  across	  all	  pairs	  except	  for	  Rangi	  and	  Pongo,	  who	  had	  a	  large	  overlap	  of	  their	  territory	  prior	  
to	  translocation	  even	  at	  a	  core	  of	  50%.	  It	   is	  not	  unusual	  to	  see	  high	  values	  between	  known	  pairs	  at	  
95%	   as	   although	   birds	   may	   equally	   defend	   this	   shared	   territory,	   they	   will	   often	   choose	   separate	  
burrows	  for	  roosting	  (personal	  observation,	  V	  Mander),	  increasing	  the	  chances	  of	  finding	  both	  birds	  
in	  different	  areas	  on	  the	  same	  day	  during	  triangulation.	  The	  smaller	  the	  core	  value	  used,	  the	  smaller	  
the	  area	  you	  are	   likely	  to	  find	  an	   individual	  bird	   in	  and	  therefore	  reduced	  time	  spent	   in	   it.	  All	  pairs	  
showed	  commonality	  of	  territory	  at	  the	  95%	  and	  75%	  core,	  with	  the	  exception	  of	  Bonnie	  and	  Clyde	  
post	   translocation	   at	   75%	   core.	   The	   results	   for	   this	   particular	   pair	   post	   translocation	   for	   any	   core	  
percentage	  were	   compromised	   (see	   Clyde	   section	   in	   the	  Dispersal	   chapter).	   The	   location	   error	   for	  
point	  data	  was	  estimated	  as	  22.51	  m	  ±	  S.E.	  3.36	  m	  (see	  Methods	  chapter).	  Considering	  the	  size	  of	  the	  
overlap	   between	   territories,	   it	   was	   considered	   that	   this	   magnitude	   of	   error	   was	   unlikely	   to	  
qualitatively	  change	  the	  result.	  
All	  birds	  had	  greater	  than	  69%	  overlap	  at	  a	  95%	  core	  prior	  to	  translocation.	  This	  is	  a	  large	  overlap	  and	  
consistent	  with	   the	   their	   known	   status	   as	   breeding	   pairs.	   There	   is	   little	   published	   research	   on	   the	  
amount	  of	  GSK	  overlap	  required	  to	  be	  considered	  paired,	  therefore	  the	  knowledge	  that	  non-­‐paired	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birds	  are	  unlikely	  to	  share	  territory	  due	  to	  the	  GSK’s	  highly	  territorial	  behavioural	  traits	  (Sales,	  2005;	  
Shepherd	  et	  al.,	  2012;	  Taborsky	  &	  Taborsky,	  1999)	  was	  used	  to	  show	  that	  significant	  overlap	  shows	  
paired	  behaviour.	  All	  of	   the	  Hawdon-­‐originating	  pairs	  are	  known	  successful	  breeders,	  all	  producing	  
live	   chicks	   in	   the	   2014/2015	   breeding	   season	   (pers	   comms,	   Sandy	   Yong	   from	   DoC,	   Feb,	   2015),	  
therefore	   providing	   a	   strong	   basis	   for	   their	   paired	   status.	   The	   ONE	   pair	   Bella	   and	   Feisty,	   were	  
considered	  paired	  due	  to	  their	  shared	  territory	  and	  attempt	  at	  breeding	  in	  the	  2014/2015	  breeding	  
year.	  This	   incubation	  was	  not	  successful	  as	  the	   incubation	  period	  as	   indicated	  by	  their	  activity	  data	  
was	  considered	  too	  short	  for	  a	  viable	  chick.	  	  
Post	   translocation,	   all	   pairs,	   with	   the	   notable	   exception	   of	   Bonnie	   and	   Clyde,	   continued	   to	   share	  
common	  territory	  in	  the	  95%	  and	  75%	  core.	  When	  calculating	  the	  MCP	  for	  individual	  birds,	  there	  will	  
be	   some	  dispersal	  element	   to	   these	   results	   that	   can	  have	   the	  effect	  of	   increasing	   the	   likelihood	  of	  
overlap.	  As	  there	  is	  no	  temporal	  element	  to	  this	  analysis	  i.e.	  each	  point	  was	  not	  compared	  to	  another	  
point	   for	   a	   bird	   at	   the	   same	   moment	   in	   time,	   some	   caution	   is	   acknowledged	   around	   the	  
interpretation	  of	  paired	  behaviour.	  Both	  the	  small	  data	  set	  of	  GPS	  points	  per	  bird	  (which	   is	   further	  
decreased	   at	   smaller	   cores)	   and	   dispersal	   may	   obscure	   some	   of	   the	   true	   nature	   of	   the	   bird’s	  
relationships.	  	  
This	   study	   concluded	   that	   the	   Bonnie/Clyde	   pairing	   was	   effectively	   broken	   due	   to	   the	   extreme	  
dispersal	  and	  death	  of	  the	  male.	  All	  the	  other	  pairs	  continued	  to	  have	  large	  overlaps	  in	  territory	  and	  
were	  considered	  paired	  at	  the	  end	  of	  this	  study.	  
6.4.2 Post	  translocation	  breeding	  attempts	  	  
After	  the	  conclusion	  of	  the	  fieldwork	  component	  of	  this	  study	  it	  was	  discovered	  that	  three	  of	  the	  four	  
pairs	  of	  translocated	  birds	  were	  displaying	  incubating	  behaviour	  in	  addition	  to	  the	  one	  known	  pair	  of	  
Nina	  ONE	  birds.	  Table	  28	  displays	  the	  incubation	  start	  dates	  and	  predicted	  end	  dates:	  
Table	  28:	  Start	  date	  and	  predicted	  end	  dates	  for	  incubation	  for	  the	  2015/2016	  breeding	  year	  
Bird	  ID	   Egg	  laid	   Expected	  hatch	  
date	  
Taken	  to	  
term	  
Yogi	   16/10/15	   01/01/16	   N	  
Rangi	   06/11/15	   23/01/16	   Y	  
Pongo	   05/11/15	   22/01/16	   Y	  
Herb	   03/11/15	   20/01/16	   Y	  
Spice	   09/11/15	   26/01/16	   Y	  
Bella	   <18/11/15	   <04/02/16	   Y	  
Feisty	   <18/11/15	   <04/02/16	   Y	  
	  
It	  appears	  that	  Rangi/Pongo	  pairing	  along	  with	  Herb/Spice	  and	  Bella/Feisty	  all	  took	  these	  incubations	  
to	  term.	  As	  the	  incubation	  dates	  align	  almost	  exactly	  between	  pairs,	  and	  their	  known	  locations	  were	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close,	  it	  is	  fair	  to	  assume	  that	  this	  is	  reasonable	  proof	  of	  paired	  behaviour	  and	  supports	  the	  territory	  
overlap	   analysis.	   However,	   Yogi’s	   incubation	   was	   not	   as	   expected,	   nor	   standard.	   Despite	   Yogi	  
incubating,	  Booboo	  did	  not	  display	  any	  activity	  consistent	  with	  incubation.	  He	  remained	  close	  to	  Yogi	  
for	   the	   duration	   of	   the	   incubation	   (on	   the	   dates	   he	   was	   triangulated)	   but	   this	   incubation	   was	  
ultimately	   abandoned	   before	   its	   completion.	   As	   the	  males	   are	   the	   primary	   incubators	   (Colbourne,	  
2002;	   McLennan	   &	  McCann,	   1989;	   Taborsky	   &	   Taborsky,	   1999)	   this	   did	   pose	   a	   few	   questions.	   It	  
seems	  unlikely	  that	  Yogi	  would	  incubate	  Booboo’s	  egg	  alone	  if	  these	  two	  are	  paired,	  as	  Booboo	  has	  
successfully	  hatched	  and	  raised	  chicks	  as	  a	  partnership	  in	  previous	  breeding	  seasons.	  However,	  there	  
is	  an	  instance	  of	  female	  only	  incubation	  in	  the	  literature	  from	  McLennan	  and	  McCann	  (1989)	  in	  the	  
upper	   Saxon	  River.	   It	   stated	   that	   the	   female	   incubated	   for	   at	   least	   30	   days	   after	   the	   death	   of	   her	  
mate	  and	  that	  this	  egg	  likely	  hatched.	  	  
Yogi	  could	  possibly	  be	   incubating	  an	  egg	   fertilized	  by	  another	  male.	  As	  Booboo	  appeared	  to	   reside	  
not	   far	   from	   Yogi’s	   position	   this	   also	   seems	   questionable	   due	   to	   the	   territoriality	   of	   this	   species	  
(Shepherd	  &	   Lambert,	   2008;	   Taborsky	   &	   Taborsky,	   1999).	   It	  might	   be	   possible	   that	   Yogi	   tolerates	  
Booboo’s	   presence	   due	   to	   familiarity	   but	   it	   seems	   unusual	   that	   another	   male	   would	   also	   be	   as	  
tolerant.	   It	   is	   impossible	   to	   ascertain	   from	   the	   activity	   data	   as	   to	  what	   times	   of	   the	   day	   Yogi	  was	  
incubating.	   If	  she	  was	  found	  to	  be	  incubating	  consistently	  over	  the	  day	  and	  night	  with	  short	  breaks	  
then	  there	  might	  have	  been	  some	  grounds	  to	  consider	  this	  a	  female-­‐only	  incubation.	  Unfortunately	  
due	  to	  permit	  requirements	  and	  the	  steep	  terrain,	  it	  was	  not	  possible	  to	  put	  a	  camera	  at	  the	  burrow	  
to	  answer	  this	  question	  so	  this	  remains	  open	  to	  speculation.	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Chapter	  7	  
Conclusion	  and	  synthesis	  	  
Any	   study	   of	   the	   great	   spotted	   kiwi	   is	   fraught	   with	   complications	   due	   to	   their	   nocturnal,	   cryptic	  
nature	   in	   combination	   with	   their	   remote	   habitat	   (Millspaugh	   &	  Marzluff,	   2001;	  White	   &	   Garrott,	  
1990)	   and	   as	   a	   consequence	   they	   are	   understudied	   as	   a	   species.	   This	   study	   has	   looked	   at	   the	  
consequences	   of	   a	   wild-­‐to-­‐wild	   translocation	   on	  wild	   translocated	   adult	   kiwi	   and	   resident	   captive	  
reared	  sub	  adult	  birds.	  	  
A	   principle	   finding	   of	   this	   study	   was	   that	   overall,	   the	   translocated	   Hawdon	   birds	   increased	   their	  
activity	  in	  response	  to	  the	  translocation	  whereas	  the	  resident	  birds	  did	  not.	  Although	  not	  all	  variables	  
could	   be	   accounted	   for	   in	   the	   modeling,	   this	   finding	   is	   most	   likely	   attributed	   to	   either	   unknown	  
habitat	  differences,	  intraspecific	  avoidance	  behaviours	  or	  stress	  surrounding	  the	  translocation.	  When	  
the	   period	   one	   week	   immediately	   after	   the	   translocation	   was	   examined,	   there	   was	   no	   significant	  
increase	  evident,	  therefore	  the	  overall	  increase	  occurred	  in	  the	  mid-­‐term	  period	  (0	  -­‐	  6	  months)	  post	  
translocation.	   This	   result	   therefore	   suggests	   that	   unquantified	   habitat	   differences	   and	   possible	  
intraspecific	  avoidance	  are	  the	  primary	  activity	  drivers.	  
In	   the	   dispersal	   phase,	   one	   Hawdon	  GSK	   individual	   named	   Clyde	   demonstrated	   extreme	   dispersal	  
behaviour	  and	  was	  eventually	   found	  deceased	  more	   than	  10	  km	  away,	   just	  over	   two	  months	  after	  
the	   release	   date.	   His	   pre	   translocation	   pair	   bonded	  mate	   Bonnie	   survived	   but	   displayed	   the	   next	  
largest	   dispersal	   distance	   at	   3.8	   km	   from	   the	   release	   site	   at	   the	   furthest	   point.	   It	   is	   possible	   that	  
without	   the	  benefit	  of	  acoustic	  anchoring	  by	  her	  mate	  Bonnie	  may	  have	  dispersed	   further.	  Two	  of	  
the	  other	   translocated	  pairs	   left	   the	   release	   area	   and	  were	   found	  between	  1.6	  –	   2.7	   km	   from	   the	  
release	   site	   but	   in	   close	   proximity	   to	   their	   respective	   pair	   bonded	  mate.	   The	   final	   pair	   Rangi	   and	  
Pongo	  initially	  dispersed	  from	  their	  release	  site	  but	  returned	  by	  the	  end	  of	  the	  study.	  Their	  release	  
site	  was	  opposite	   the	  other	   three	  pairs	   across	   the	  Nina	  River	   and	   incorporated	   some	   river	   terrace	  
habitat,	  which	  may	  have	  influenced	  their	  foraging	  decisions.	  The	  Nina	  ONE	  birds	  with	  the	  exception	  
of	  Mamaku	  remained	  within	  the	  areas	  identified	  as	  pre	  translocation	  territory.	  Mamaku	  had	  initially	  
left	  his	  territory	  after	  release	  but	  returned	  by	  the	  end	  of	  the	  study	  period.	  It	  was	  believed	  that	  this	  
kiwi	  was	   likely	   affected	  by	   the	   translocated	   individuals	  being	   released	  below	  his	   territory	   and	  as	   a	  
consequence	   displayed	   intraspecific	   avoidance	   behaviour.	   With	   regards	   to	   dispersal	   pathways,	   at	  
least	  five	  of	  the	  Hawdon	  birds	  crossed	  the	  Nina	  River	  at	  least	  once	  during	  the	  study	  period.	  	  
The	  large	  dispersal	  movements	  earlier	  on	  in	  the	  post	  translocation	  phase	  masked	  much	  of	  the	  home	  
range	   analysis	   and	   territory	   forming	   for	   the	  Hawdon	   individuals.	   Additionally	   it	  was	   challenging	   to	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obtain	  enough	  location	  data	  for	  each	  bird	  to	  fully	  reveal	  territory	  formation.	  As	  a	  result,	  only	  31%	  of	  
the	  incremental	  analyses	  in	  the	  post	  translocation	  phase	  for	  all	  kiwi	  were	  deemed	  to	  reveal	  territory	  
formation.	   These	   results	   require	   caution,	   as	   the	   large	   dispersal	   movements	   of	   the	   Hawdon	   birds	  
result	  in	  large	  MCPs	  and	  therefore	  increase	  the	  likelihood	  of	  other	  points	  falling	  within	  this	  area	  and	  
giving	  a	  false	  positive	  for	  territory	  formation.	  Of	  the	  Nina	  ONE	  territories,	  all	  of	  the	  birds	  appeared	  to	  
retain	  their	  original	  pre	  translocation	  territories	  post	  translocation.	  	  
The	  pair	  bond	  survivorship	  analysis	  revealed	  that	  three	  of	  the	  four	  Hawdon	  pairs	  survived	  six	  months	  
post	  translocation.	  Additionally	  one	  of	  the	  captive	  reared	  paired	  birds	  remained	  paired.	  This	  analysis	  
is	  complimented	  by	  the	  data	  that	  confirmed	  incubation	  attempts	  by	  all	  of	  these	  pairs.	  The	  pair	  bond	  
that	   did	   not	   survive	   included	   the	   bird	   that	   left	   the	   valley	   early	   on	   in	   the	   post	   translocation	   study	  
period.	  General	  bird	  survivorship	  was	  not	  specifically	  analysed,	  as	  previous	  GSK	  translocations	  to	  the	  
Flora	  Valley	  and	  Rotoiti	  have	  found	  survivorship	  was	  not	  an	  issue	  of	  concern.	  
This	  study	   identified	  multiple	  opportunities	   for	   further	  research	  that	  would	  be	  beneficial	   for	   future	  
GSK	  translocations.	  Closer	  examination	  into	  dispersal	  pathways	  would	  assist	  identifying	  features	  that	  
either	  hinder	  or	  encourage	  dispersal.	  This	  information	  would	  be	  advantageous	  for	  informing	  wildlife	  
managers’	   choices	   around	   release	   area	   requirements.	   This	   line	   of	   enquiry	   could	   also	   help	   dispel	  
assumptions	   currently	   made	   regarding	   good	   or	   poor	   topographical	   features.	   Additionally,	   further	  
study	  into	  the	  proto-­‐territory	  formation	  and	  abandonment	  with	  regards	  to	  specific	  habitat	  features	  
or	   behavioural	  mechanisms	   that	   discourage	   site	   fidelity	  would	   also	   assist	   in	   identifying	   preferable	  
release	  site	  attributes.	  
The	   established	   purpose	   of	   collecting	   activity	   data	   for	   GSK	   has	   been	   to	   determine	   the	   incubation	  
status	  of	  pairs	  (Robertson	  et	  al.,	  2003;	  Wildtech,	  2009).	  In	  this	  study	  we	  used	  this	  data	  to	  determine	  
how	  the	  GSK	  reacted	  to	  the	  translocation.	  The	  immediate	  period	  one-­‐week	  post	  translocation	  is	  an	  
important	   stage	   where	   stress	   of	   the	   translocation	   process	   or	   novel	   site	   processing	   can	   cause	  
behavioural	  changes	  (Stamps	  &	  Swaisgood,	  2007)	  that	  may	  be	  picked	  up	  as	  an	  increase	  or	  decrease	  
in	  movement	  during	  this	  period.	  Further	  research	  using	  a	  larger	  sample	  size	  might	  be	  more	  sensitive	  
to	  subtle	  differences	  that	  this	  study	  did	  not	  detect,	  due	  to	  the	  small	  sample	  size.	  	  
Parental	   care	  post-­‐hatch	   for	  GSK	   is	   relatively	  unexamined	  and	  although	   chicks	   are	  precocial,	   there	  
does	  seem	  to	  be	  anecdotal	  evidence	  of	  post	  hatch	  care	  (Forder,	  2014).	  Further	  scrutiny	  of	  the	  activity	  
data	  in	  this	  post	  hatch	  period,	  along	  with	  the	  use	  of	  trail	  cameras	  near	  the	  nest	  site	  may	  help	  fill	  this	  
knowledge	  gap.	  This	  is	   important	  in	  the	  context	  of	  translocation	  because	  currently	  an	  adult	  may	  be	  
uplifted	  for	  translocation	  with	  an	  assumption	  that	  any	  chick	  previously	  produced	  that	  remains	  in	  the	  
valley	  will	  not	  be	  disadvantaged.	  If	  parental	  care	  becomes	  an	  important	  focus	  on	  chick	  survival	  then	  
decisions	   around	   translocating	   adults	   with	   the	   chick,	   or	   not	   using	   these	   individuals	   at	   all,	   can	   be	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made	  with	  more	  confidence.	  The	  study	  by	  Jahn	  et	  al.	  (2013)	  identified	  that	  juveniles	  and	  sub	  adults	  
often	   continue	   to	   inhabit	   parts	   of	   the	   adult	   territory,	   in	   one	   case	   for	   up	   to	   3.5	   years.	   There	  may	  
therefore	  be	  more	  input	  from	  the	  adults	  to	  the	  chicks	  than	  is	  presently	  known.	  
Currently,	  pairs	  are	  preferred	  for	  translocation	  due	  to	  the	  postulated	  hypothesis	  from	  Gasson	  (2005)	  
and	   anecdotal	   evidence	   from	   the	   Flora	  Valley	   translocations.	   Social	   bonding	  of	  GSK	  pairs	   is	   strong	  
and	  the	  acoustic	  input	  of	  the	  pair	  should	  help	  anchor	  the	  birds	  to	  the	  release	  site.	  Further	  research	  
into	  the	  efficacy	  of	  this	  procedure	  would	  help	  confirm	  or	  dispel	  the	  assumptions	  currently	  used.	  
This	   study	   identified	   a	   several	   areas	   where	   recommendations	   can	   be	   made.	   During	   the	   dispersal	  
period,	   it	   was	   noted	   that	   the	   birds	   would	   cross	   the	   Nina	   River	   and	   some	   of	   the	   river’s	   major	  
tributaries.	  Although	  this	  behaviour	  was	  not	  directly	  observed,	  the	  triangulation	  information	  leads	  to	  
the	   conclusion	   that	   rivers	   of	   at	   least	   this	   size	   are	   not	   barriers	   to	   dispersal.	   Therefore	   wildlife	  
managers	  should	  not	  consider	  such	  rivers	  as	  natural	  discouragers	  of	  dispersal	  for	  GSK.	  
The	  activity	  data	  could	  be	  used	   for	  other	  purposes,	   such	  as	  health	  monitoring,	   stress	   identification	  
and	   habitat	   quality	   in	   the	   post	   translocation	   phase.	   Potentially	   a	   more	   thorough	   habitat	   quality	  
survey	   could	   be	   considered	   prior	   to	   translocation,	   to	   prevent	   novel	   site	   rejection	   (Stamps	   &	  
Swaisgood,	  2007).	  Therefore	  this	  study	  would	  recommend	  the	  following	  for	  future	  translocations:	  
§ Detailed	   habitat	   survey	   with	   a	   focus	   on	   topography,	   intra	   and	   interspecific	   (i.e	   rat)	  	  
competition	   and	   foraging	   opportunities	   to	   more	   accurately	   compare	   source	   and	   recipient	  
sites.	  
§ Use	   of	   activity	   data	   from	   transmitters	   in	   the	   pre	   and	   post-­‐monitoring	   phases	   to	   help	  
determine	   the	   level	   of	   stress	   experienced	   by	   the	   translocated	   individuals	   in	   the	   short	   to	  
medium	  term.	  
§ Release	   sites	   that	   require	   acoustic	   anchoring	   by	   resident	   kiwi	   should	   ideally	   be	   situated	  
closer	  to	  paired	  individuals	  and	  away	  from	  territories	  held	  by	  single	  birds.	  The	  paired	  birds	  in	  
this	  study	  maintained	  their	  territory	  throughout	  the	  full	  study	  period	  but	  there	  appeared	  to	  
be	   some	  disturbance	   for	   the	   individual	  male	  Mamaku	  who	  was	   situated	  above	   the	   release	  
site.	  
§ The	   practice	   of	   attempting	   to	   translocate	   paired	   individuals	   should	   continue	   as	   this	   has	  
successfully	  anchored	  three	  of	  the	  four	  translocated	  pairs	  in	  this	  study.	  	  
§ Ensuring	   acoustic	   survey	   in	   the	   potential	   release	   areas	   is	   conducted	   and	   analyzed	   in	   the	  
months	  leading	  up	  to	  the	  translocation	  to	  hedge	  against	  inadvertent	  intraspecific	  interaction.	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This	   study	   examined	   the	   immediate	   and	  mid	   term	   effects	   associated	  with	   translocation	   of	   GSK.	   A	  
longer-­‐term	  study	  would	  allow	  more	  time	  for	  the	  translocated	   individuals	  to	  form	  stable	  territories	  
and	  allow	  researchers	  to	  capture	  this	  while	  also	  differentiating	  the	  dispersal	  period	  so	  that	  it	  can	  be	  
removed	   from	   home	   range	   analyses.	   This	   would	   allow	   accuracy	   when	   determining	   the	   true	  
established	  home	  range	  size	  and	  time	  to	  form	  such	  territories.	  Ideally,	  post	  translocation	  monitoring	  
should	   continue	   until	   the	   translocated	   individuals	   are	   settled	   within	   established	   territories	   and	  
positive	   recruitment	   by	   successful	   chick	   survival	   can	   be	   confirmed,	   therefore	   ensuring	   that	   the	  
minimum	   viable	   population	   required	   for	   a	   self-­‐sustaining	   population	   is	   achieved	   (Holzapfel	   et	   al.,	  
2008).	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Appendix	  A	  
GSK	  territory	  representation	  with	  ArcGIS	  	  
A.1 Date	  range	  of	  location	  fixes	  used	  in	  MCP	  and	  incremental	  analysis	  	  
Bird	  ID	   Pre	  Translocation	  	   Post	  Translocation	  
Bonnie	   21/04/10-­‐15/04/15	   16/04/15-­‐13/11/15	  
Booboo	   19/12/13-­‐15/04/15	   16/04/15-­‐02/12/15	  
Clyde	   05/10/10-­‐15/04/15	   16/04/15-­‐26/06/15	  
Herb	   28/02/12-­‐15/04/15	   16/04/15-­‐21/10/15	  
Pongo	   24/04/12-­‐22/04/15	   23/04/15-­‐02/12/15	  
Rangi	   11/08/11-­‐22/04/15	   23/04/15-­‐02/12/15	  
Spice	   14/06/14-­‐15/04/15	   16/04/15-­‐21/10/15	  
Yogi	   26/02/12-­‐15/04/15	   16/04/15-­‐02/12/15	  
Bella	   21/01/11-­‐25/03/15	   18/04/15-­‐02/12/15	  
Feisty	   21/01/11-­‐25/03/15	   18/04/15-­‐02/12/15	  
Lichen	   11/02/12-­‐25/03/15	   02/05/15-­‐13/11/15	  
Mamaku	   12/02/11-­‐24/03/15	   18/04/15-­‐13/11/15	  
Patrick	   11/02/12-­‐21/03/15	   01/05/15-­‐30/09/15	  
	  
A.2 Paired	  Hawdon	  birds	  pre	  translocation	  in	  the	  Hawdon	  Valley	  
	  
Legend
Bonnie pre translocation 95%
Booboo pre translocation 95%
Clyde pre translocation 95%
Herb pre translocation 95%
Pongo pre translocation 95%
Rangi pre translocation 95%
Spice pre translocation 95%
Yogi pre translocation 95%
contour
river
0 2,500 5,0001,250 Meters
	   78	  
A.3 All	  Hawdon	  birds	  post	  translocation	  in	  the	  Nina	  Valley	  
	  
A.4 All	  Nina	  ONE	  birds	  pre	  translocation	  in	  the	  Nina	  Valley	  
	  
Legend
Yogi Release
Booboo Release
Spice Release
Herb Release
Rangi Pongo Release
Clyde Release
Bonnie Release
road
river
contour
Yogi post translocation 95%
Spice post translocation 95%
Herb post translocation 95%
Clyde post translocation 95%
Booboo post translocation 95%
Bonnie post translocation 95%
Pongo post translocation 95%
Rangi post translocation 95%
0 600 1,200 1,800 2,400 3,000300 Meters
Legend
Patrick pre translocation 95%
Lichen pre translocation 95%
Mamaku pre translocation 95%
Feisty pre translocation 95%
Bella pre translocation 95%
road
river
contour0 400 800 1,200 1,600 2,000200 Meters
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A.5 All	  Nina	  ONE	  birds	  post	  translocation	  in	  the	  Nina	  Valley	  
	  
A.6 Overlap	  pre	  translocation	  for	  Bonnie	  and	  Clyde	  in	  the	  Hawdon	  Valley	  
	  
	  
Legend
road
river
contour
Bella post translocation 95%
Feisty post translocation 95%
Patrick post translocation
Mamaku post translocation 95%
Lichen post translocation 95%0 500 1,000 1,500 2,000 2,500250 Meters
Legend
Bonnie pre translocation 95%
Clyde pre translocation 95%
contour
river
0 1,000 2,000500 Meters
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A.7 Overlap	  post	  translocation	  for	  Bonnie	  and	  Clyde	  in	  the	  Nina	  Valley	  
	  
A.8 Overlap	  pre	  translocation	  for	  Yogi	  and	  Booboo	  in	  the	  Hawdon	  Valley	  
	  
	  
Legend
Clyde Release
Bonnie Release
road
river
contour
Clyde post translocation 95%
Bonnie post translocation 95%
0 400 800 1,200 1,600 2,000200 Meters
Legend
Booboo pre translocation 95%
Yogi pre translocation 95%
contour
river
0 1,000 2,000500 Meters
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A.9 Overlap	  pre	  translocation	  for	  Herb	  and	  Spice	  in	  the	  Hawdon	  Valley	  
	  
A.10 Overlap	  post	  translocation	  for	  Herb	  and	  Spice	  in	  the	  Nina	  Valley	  
	  
	  
Legend
Herb pre translocation 95%
Spice pre translocation 95%
contour
river
0 1,000 2,000500 Meters
Legend
Spice Release
Herb Release
road
river
contour
Spice post translocation 95%
Herb post translocation 95%
0 400 800 1,200 1,600 2,000200 Meters
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A.11 Overlap	  pre	  translocation	  for	  Rangi	  and	  Pongo	  in	  the	  Hawdon	  Valley	  
	  
A.12 Overlap	  pre	  translocation	  for	  Bella	  and	  Feisty	  in	  the	  Nina	  Valley	  
	  
	  
Legend
Pongo pre translocation 95%
Rangi pre translocation 95%
contour
river
0 1,000 2,000500 Meters
Legend
Feisty pre translocation 95%
Bella pre translocation 95%
road
river
contour
0 300 600 900 1,200 1,500150 Meters
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A.13 Overlap	  post	  translocation	  for	  Bella	  and	  Feisty	  in	  the	  Nina	  Valley	  
	  
A.14 Pre	  and	  Post	  translocation	  positions	  for	  Patrick	  in	  the	  Nina	  Valley	  
	  
There	  were	  a	  further	  two	  location	  points	  that	  were	  located	  very	  high	  up	  the	  valley	  the	  the	  left	  that	  
are	  not	  featured	  on	  this	  map.	  
	  
Legend
road
river
contour
Bella post translocation 95%
Feisty post translocation 95%
0 300 600 900 1,200 1,500150 Meters
Legend
Patrick pre translocation 95%
road
river
contour
Patrick post translocation
0 300 600 900 1,200 1,500150 Meters
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Appendix	  B	  
Territory	  formation	  determination	  using	  incremental	  analysis	  	  
B.1 Incremental	  analysis	  for	  Bonnie	  pre	  translocation	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B.2 Incremental	  analysis	  for	  Yogi	  pre	  translocation	  
	  
B.3 Incremental	  analysis	  for	  Booboo	  pre	  translocation	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B.4 Incremental	  analysis	  for	  Herb	  pre	  translocation	  
	  
B.5 Incremental	  analysis	  for	  Spice	  pre	  translocation	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B.6 Incremental	  analysis	  for	  Pongo	  pre	  translocation	  
	  
B.7 Incremental	  analysis	  for	  Bella	  pre	  translocation	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B.8 Incremental	  analysis	  for	  Feisty	  pre	  translocation	  
	  
B.9 Incremental	  analysis	  for	  Mamaku	  pre	  translocation	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B.10 Incremental	  analysis	  for	  Lichen	  pre	  translocation	  
	  
B.11 Incremental	  analysis	  for	  Patrick	  pre	  translocation	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B.12 Incremental	  analysis	  for	  Bonnie	  post	  translocation	  
	  
B.13 Incremental	  analysis	  for	  Clyde	  post	  translocation	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B.14 Incremental	  analysis	  for	  Yogi	  post	  translocation	  
	  
B.15 Incremental	  analysis	  for	  Booboo	  post	  translocation	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B.16 Incremental	  analysis	  for	  Spice	  post	  translocation	  
	  
B.17 Incremental	  analysis	  for	  Rangi	  post	  translocation	  
	  
	   93	  
B.18 Incremental	  analysis	  for	  Pongo	  post	  translocation	  
	  
	  
B.19 Incremental	  analysis	  for	  Bella	  post	  translocation	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B.20 Incremental	  analysis	  for	  Feisty	  post	  translocation	  
	  
B.21 Incremental	  analysis	  for	  Mamaku	  post	  translocation	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B.22 Incremental	  analysis	  for	  Lichen	  post	  translocation	  
	  
B.23 Incremental	  analysis	  for	  Patrick	  post	  translocation	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Appendix	  C	  
Photographs	  
C.1 The	   Nina	   Valley	   from	   the	   Nina	   Hut,	   dated	   23th	   April	   2015	   photo	   by	  
Andrew	  Norton	  
	  
	  
	  
C.2 Sandy	   Yong	   holding	   Rangi	   on	   his	   release	   day	   into	   the	   Nina	   Valley,	  
Vanessa	   Mander	   holding	   the	   bag,	   dated	   23rd	   April	   2015	   photo	   by	  
Andrew	  Norton	  
	  
	  
	   97	  
C.3 Radio	   tracking	   in	   the	   Nina	   Valley,	   dated	   24th	   April	   2015	   photo	   by	  
Andrew	  Norton	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